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Abstract
Urban form always transforms when new transportation technology is deployed. Urban form and transportation technologies always
coevolve. Many new technologies have been developed to solve the problems of greenhouse gas emission, air pollution, energy effi-
ciency, high gas prices, traffic congestion, etc. Electric vehicles (EVs) and Mobility-on-Demand systems are two of these technologies.
With the advancement of battery technologies, EVs are become the next mainstream product for Automobile industry. Meanwhile,
there are many new concepts about various alternative types of car ownership, such as Mobility-on-Demand (MoD) systems, a one-
way rental car sharing systems, for which the Smart Cities group of MIT Media Lab is doing research. The regulation and infrastructure
of current cities are mainly designed to accommodate gasoline-powered and private owned vehicles. This thesis addresses how will
urban fabric and space transform with the arrivals of EVs and MoD systems and what kind of service and urban infrastructure can be
integrated when individual vehicles become a node of mobility network. The thesis focuses on Taipei City as a case study city and
develops varies scale design strategies, ranging from charging infrastructure, street, sidewalk, curb, parking infrastructure, to building
type. The thesis also discusses the benefit of EVs and MoD system may bring to a city.
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1.0 INTRODUCTION
Problem Statement
Numerous burgeoning technologic developments in urban trans-
portation and automobile industry will totally transform the trans-
portation network when they are fully implemented. City form and
transportation technology are always coevolving hand in hand.
This thesis examines when transportation undergoes an overall
technological improvement, how will urban form transform itself
accordingly and what will that be.
According to United Nation Population Division Report, over half
of the world population now reside in urban area. The urban popu-
lation will keep growing from 6.7 billion in 2007 to 9.2 billion in
2050. However, the speed of urbanization cannot match up with
the speed of population growth and developed and undeveloped
lands are both finite. Therefore, most of the metropolitan areas
will definitely grow in its size and density in the future. Higher pop-
ulation in urban areas means that there will be more urban trips.
At this moment, a lot of cities already suffer from air pollution,
noise pollution, heat island effect, high gas prices, traffic conges-
tion, parking shortage, and streetscape discontinuation. The cur-
rent transportation system and its vehicles caused many of these
issues. How to make cities greener, more energy efficient, less
congested, and more human-centric are very important to future
city designer, planner, and inhabitant.
In order to make a city greener and more energy efficient, it re-
quires a closer look at the current design of gasoline-powered
vehicles. The current transportation energy consumption is 34%
of the total world energy consumption. The gasoline-powered au-
tomobiles contribute about two-third of the total transportation en-
ergy consumption. Even after a century of technological advance-
ment, the fuel efficiency of gasoline vehicles still has a lot of room
to improve. The Henry Ford Model T had better fuel efficiency
than most automobiles right now. Gasoline-powered vehicles are
not energy efficient in nature. The energy conversion rate from
gasoline to people on board is adually very low. About 80% of en-
ergy is lost and wasted in the internal combustion engine when it
is running. Only 20% of energy contributes to vehicle's movement.
Moreover, in this 20%, 19% of the energy is consumed to move
the vehicle's own weight; only 1% of the total energy is consumed
to move passengers and drivers' body weight. For example, the
gas price skyrocketed in the summer of 2008. If one gallon of gas
is $4 U.S. dollars, 1 % of the total energy contributes to your body
weight movement means only 20 cents contribute to your actual
body movement. A tremendous amount of energy is wasted.
Although there are a lot of attempts to overcome this problem,
comparing the growth rates of fuel efficiency to car ownership, the
positive effects will be relatively small. However, the world is facing
imminent problems, such as petroleum exhaustion, greenhouse
gas emission, global warming, etc. The world needs a different
system other than gasoline-powered automobiles to untangle all
these problems.
In order to make a city less congested and more human-centric,
it requires a closer look at the overall transportation system. Take
the U.S. cities for example, whose developing pattern is followed
and favored by a lot of giant developing countries, such as In-
dia and China. From 1982 to1999, in 75 metropolitan areas, the
average percentage of daily traffic congestion, rising from 17%
to 33%, nearly doubled during 17 years. The Texas Transporta-
tion Institute also states in its annual traffic congestion analysis
in 1999 that the average traffic congestion time, rose from two
to three hours a day in 1982, to five to six hours a day in 1999.
These traffic congestion patterns not onl& take place in the U.S.,
but also in any other metropolitan area around the world as well.
Especially the size and population densities of most the U.S. met-
ropolitan areas are lower than the cities in Asia or South Ameri-
can. It is not too hard to imagine how these metropolitan areas will
look like when they are following the lead of the U.S. and become
developed countries.
Besides the problems caused by moving vehicles, parked vehicles
caused problems too. The average percentage of car-driving-time
in the U.S. is fifty-six minutes out of twenty-four hours in a day; it's
only 4% of the total time. It means 96% of the time these vehicles
are stationary either at work place or at home. Therefore, a lot of
cities need to convert lots valuable urban real estates into parking
lots to provide spaces for these vehicles when they are not in use.
8People also spend money to pay parking fees, purchase or rent
parking spaces, or build garages for their vehicles. These vehicles
are not only inefficient, with only 4% of the usage time, occupying
valuable urban spaces, and spending people's money, but also
affecting the whole urban form and development.
It is a reasonable assumption that the quality of life in urban areas
will deteriorate more in the future, because of population growth
and if there is no major improvement to the current transporta-
tion system and planning policies. A lot of these urban problems
are caused by the current transportation systems and policies and
cannot be solved by traditional urban design or planning methods.
Therefore, as urban designers and planners, we need new types
of thinking to tackle these problems within the realm of transporta-
tion itself.
The ideas of tackling these problems are replacing gasoline-pow-
ered automobiles with electric-powered ones and adapting shar-
ing car ownership instead of private car ownership. It is already
happening in the real world. More and more automobile manufac-
turers are turning their focus from muscular, gasoline vehicles to
small, electric vehicles. At the same time, more and more vehicle
sharing programs, including bikes and cars, are widely spread
across the continents. Transportation and cities are closed related
and coevolve together. These new transportation inventions will
have an implication for urban form when are fully implemented.
How to move is an urban issue. The invention of steam engine
train expanded the urbanized area boundaries and people's per-
ception of time and space. Cities can be more expanded and
concentrated at the same time, because the resources and la-
bors can move in and out very fast. The elevator enabled the later
invention of skyscrapers. The escalator encouraged the ground
floor retail stores transformed into multi-stories department stores.
Not to mention the later inventions of gasoline-powered vehicles
and highways; they created urban sprawl all over the world. The
minimum street width was determined by the width of a fire truck.
Transportation always plays an important role in urban form and
leads urban development in new directions.
Although transportation and urbanism have close relationships,
most of transportation issues were only discussed among special-
ists of transportation professions, urban designers and planners
just took their conclusions to form urban design theories and poli-
cies. However, urban designers and planners cannot deal with a
lot of urban problems which caused low quality of urban life be-
cause the causes of these problems were not discussed in their
fields. For instance, more population means more cars and more
highways. If traffic jams still happened, there would be more high-
ways or more lanes in construction. These endless highways can-
not stop the endless time people spend on traffic delays and com-
mutes. They also create a never ending suburbia. More people
need to drive their cars to works; more space will become parking
lots to accommodate parking needs. It makes urban fabric and
activities disconnected and scattered. A lot of transportation prob-
lems were solved from technical or economical points of view, not
design or cultural oriented. Sometimes they create urban fabric
separation and low quality streets and needs a project like Big Dig
spent millions of dollars over many years to fix it.
Cities are for people to live in and enjoy their urban life. Urban
designers and planners like to depict an imagined urban life from
a person's walking experience perspective. Ironically, people tend
to spend more time experiencing urban space in their cars than
on their feet. The most popular public spaces are highways and
roads. The purpose of these most popular "Public Spaces" is to
pass by, not to stay. To serve this purpose, a lot of time urban
designers would sacrifice real urban public space for these "Pub-
lic Spaces." If the current transportation planning logic does not
change, a lot of urban planners and designers' efforts are still in
vain. If a lot of urban space problems were caused by transporta-
tion, maybe urban designers need to address the urban issues
from transportation point of view rather than urban design point
of view.
This thesis will talk about how can a city be transformed and peo-
ple's life quality can be improved with the helps of new green ur-
ban mobility.
15
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2.0 MOBILITY-ON-DEMAND SYSTEM
2.1 Mobility-on-Demand System
Mobility-on-Demand (MoD) system is a personal transportation
system, developed by the Smart City/Changing Places Group, at
MIT Media Lab. The system includes fleet management system,
charging infrastructure, special vehicles, urban implementation
strategies, etc.
MoD system is a public but personal green transportation system
for dense, mixed-used, contemporary cities. MoD system creates
a new rental model, a one-way rental service, which allows users
to pick up electric vehicles from any charging station and return
them at any other charging station. Users only need to pay the
time they are using the vehicles. Users can find MoD stations
linked with the existing civic structure throughout a city. The pur-
pose of establishing MoD system is not to replace the existing
transportation network. On the contrary, it is complementary to
the existing transportation network. MoD system helps the exist-
ing transportation network to solve the first mile and the last mile
problems, which most of public mass transit systems do not have
the flexibility and capacity to deal with. By adapting different pric-
ing strategies, MoD system can encourage users to use its service
to connect to mass transit networks, such as subway or buses.
MoD systems are a mixed modality transportation system. MoD
systems provide users with green vehicles, such as electric cars,
electric scooters, electric bicycles, etc., in their stations throughout
an urban area. One station may have only one type of vehicles,
but others might have more than one types of vehicles. Users can
choose what ever vehicles which fit their purposes the most. For
example, if the weather permits, people do not have to rent a car
to go to supermarkets. They can ride a bike to a supermarket and
pick up a car and drive it back with groceries. They do not need to
pay for the time when vehicles were parking in a station and save
some parking fees. These electric MoD vehicles are constantly
charging themselves inductively when they are parked in MoD
stations for next users to pick up.
MoD systems can use any type of electric vehicles, but in older to
achieve the greatest benefit out of MoD system, it will be best to
use MoD vehicles, which are specially designed for MoD system.
These MoD vehicles are CityCar, Roboscooter, and GreenWheels.
These vehicles are developed by Smart City/Changing Places
Group, at MIT Media Lab. They are all electric, have small foot-
prints, and two of them even are foldable. These vehicles are de-
signed to do inductive charging, meaning wireless charging; unlike
most of other electric vehicles need to plug in to a power source.
Therefore, when these MoD vehicles are folded and parked in the
station, they only occupy a small space and are constantly charg-
ing wirelessly themselves. Users do not have to worry about the
power level of the vehicles. Just like an electric toothbrush, when
it is not in use, it is always charging on its stand, without plugging
anything. Therefore, each MoD vehicle can maintain its optimal
power level for the next trips. Moreover, MoD system will only al-
low user to pick up MoD vehicles which have enough power for
average urban trips.
MoD system rental process is very easy. Users can go to any of
these stations and simply use a membership card to pick up any
available vehicle in a station and drive it away. They can return
their MoD vehicles to any other station, if there is an available
parking space, and then walk away. MoD System is both public
and personal. Anyone with a membership card could use this ser-
vice, so it is public, like taking a bus. However, because users can
use the MoD service at any time, in any place, without any route
limitation, point-to-point commute, it is like taking a taxi but you
are your own driver. Therefore, it is personal. The best of all, users
do not have to pay for the time they are not using these vehicles,
such as parking fee, insurance fee, and depreciation. For users, it
is even better than owning a private vehicle themselves.
With the traditional car rental service, such as Hertz, orAvis, users
can only rent cars by days. Most of the time users have to return
their cars to the original stations or they may need to pay different
rates in the first place. With the recent car sharing rental service,
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Figure 1. Mobility-on-Demand system in urban area, provides
different types of vehicles for one-way vehicle rental service.
+
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such as Zipcar, users can rent cars by hours, but they
have to return the cars to the same parking spots. Un-
like these services, with MoD System, it only charges
its users for the time or the distance they are actually
using or driving these vehicles. They can pick up any
MoD vehicle from any station, in any time, as long as it
is available.
MoD system is not the first vehicle sharing system in
the world, which is providing large-scale, citywide one-
way rental service, but it is one of the several systems,
which are using automobile as the main vehicle for ve-
hicle sharing system. Velib is the bike sharing system in
Paris. It provides a large-scale, citywide one-way rental
bike service. Users can pick up any bike from any sta-
tion and return to any other station. The system is do-
ing well, but when it comes to fleet management, it does
not do so well. The supply and demand of bicycles may
be imbalance after daily operation. Some stations may
have too many bikes and some stations may not have
any bike left. Velib has to hire employees to manually
move bikes around on their trucks throughout the city at
night, in order to let users to have bikes to pick up in the
next morning. MoD system is trying to tackle this prob-
lem using a different approach. MoD system is develop-
ing the dynamic pricing strategy to use price incentive to
encourage users to pick up or drop off MoD vehicles as
the system wanted. If a user wants to pick up a vehicle,
and system tells him if he picks up a vehicle from a sta-
tion, which is two blocks away from the station he wants
to pick up, he will have 50% off of the rental price. If this
user has time, he might be willing to do it. By implement-
ing this pricing strategy, MoD system can balance its
fleet. Unlike the bike sharing system, many bikes can be
moved around at once on a truck. However, MoD system
are using cars. It would be really difficult to move around
cars throughout the city in a short period of time. The
cost will also be very expensive and not practical.
The most important thing about MoD system for users,
except MoD vehicles, is where to find MoD stations to
rent or return MoD vehicles. The location and identity
of MoD stations will be the key factor to make this sys-
tem work. First, MoD stations will be placed nearby the
existing major mass transit hubs. The MoD stations will
provide extended mobility for passengers to go to their
destinations from the existing stations. Second, the sta-
tions will be placed near places with clear identities and
also the presence of these places need to be distributed
evenly throughout a city. Therefore, people will have no
problem to find MoD stations, even in unfamiliar areas.
The second most important things about MoD system for
users, will be how MoD stations interact with users. The
drop-off and pick-up process need to be very simple. It
should be as simple as driving a car on the street. Users
do not need to be trained or require a lot of prerequisite
knowledge in order to use MoD system. Therefore, the
design of a MoD station will be crucial to the large imple-
mentation of MoD system in a dense city area.
The last but not the least, the important thing for MoD
system operators, will be how to build a modular station
in different types of urban environment. MoD system will
assemble these modular components to customize MoD
stations for each individual site. Thus, MoD system can
be widely distributed throughout a city.
Figure 2. Citycar and Roboscooter in a MoD station.
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2.2 CityCar: Ultra Small Electric
Vehicles for Mobility-on-Demand System
There are three different types of vehicles specially
designed for MoD system; however, the thesis will
only use CityCar as the sole vehicle in MoD system.
It is because when comparing cars with scooters and
bikes, cars do have more impact on the urban en-
vironment. The larger the vehicle size is, the larger
space it will occupy. The thesis will address the im-
pact of MoD system have on urban environment.
Therefore, CityCar is the better candidate than the
other two vehicles.
Ultra small vehicle is a new automobile trend in dense
urban area, especially in a place when the traffic con-
dition is bad. There are more than half of the world
population now reside in urban areas. When more
and more population move into cities; at the same
time, the land area of cities will not grow and the ur-
banization speed cannot catch up with the popula-
tion growth speed. Therefore, the urban population
density will become higher and higher. There will
be more high-rise buildings to accommodate more
people, and more people means more commuting
needs. However, in a place where the traffic is al-
ready bad, how can two-dimensional streets accom-
modate more transportation needs, when buildings
can accommodate more people in three-dimensional
space? Therefore, cities need to utilize the existing
transportation infrastructure, not to make roads big-
ger and wider, but to make them work more efficient-
ly. Ultra small vehicle can be the solution to these
kind of cities.
The existing transportation system, especially private
gasoline vehicle, is not working efficiently. In Taipei
City, the average occupancy of private vehicles dur-
ing morning rush hours and afternoon rush hours, are
1.48 people per vehicle and 1.64 people per vehicle."
Most of the vehicles are designed to sit at least four
to five people. However, the average occupancy is
below two people per vehicle. In other words, these
vehicles waste a lot of public and private real estate,
when they are on the roads and when they are park-
ing. If most of these vehicles, one day become two-
seater vehicles, like Mercedes-Benz Smart, It is not
too hard to imagine how good the traffic will be, if that
day really comes.
In order to make dense and congested cities a good
place to live, these cities need a revolutionary vehicle
design to meet their needs. This vehicle should ac-
commodate no more than two people on board, this
number is already higher than the average vehicle
occupancy in Taipei City. The vehicle footprint should
be very small, in order to reduce the road surface
and parking space it occupies, and also improve the
fuel efficiency. This vehicle should be electric, in or-
der to prevent the tailpipe emission, air pollution, and
noise pollution, which the current gasoline vehicles
are making right now. This vehicle should be a ultra
small electric vehicle.
CityCar fulfills all the requirements of ultra small elec-
tric vehicle. It is clean, green, silent, and compact. It
also has more features other than the requirements
of ultra small electric vehicle to solve the urban con-
gestion problems. Therefore, the thesis will use City-
Car as the sole MoD vehicle for MoD system urban
implementation in Taipei City.
Figure 3. Citycar designed by Will Lark,
Smart Cities, MIT Media Lab
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Features of CityCar
The CityCar is a lightweight, folding, electric 2-passenger 4-wheeled vehicle. It is de-
veloped by Smart City/Changing Places group, MIT Media Lab. The followings are its
features.
Wheel Robots
The most important enabling technology of CityCar is the wheel robot technology. Wheel
Robot is a modularized wheel, which contains electric motor, suspension, steering, and
braking. CityCar is drive-by-wire and it uses digital signal to control the vehicle instead
of mechanical steering. A wheel robot is an independent unit, like an USB thumb drive, it
can connect to the vehicle chassis quickly and also unplug quickly. It is good for vehicle
sharing system. The maintenance team can fix a stall vehicle quickly, by replacing the
bad wheel with a good one. The team can take the bad wheel back to the factory for fur-
ther examination later.
Drive-by-Wire
CityCar is totally drive-by-wire. Except the mechanical connection between wheel and
chassis, there are only electric power cable and data cable running between chassis and
wheel. The vehicle is totally controlled by digital signal.
Full Electric Powertrain
CityCar is an four wheel drive electric vehicle. It is powered by four electric motors in its
four wheels.
Maneuverability
The independent, omni-directional wheel robots provide extraordinary maneuverability.
CityCar can drive like the current gasoline vehicle. Moreover, CityCars can spin on their
own wheelbases. They can make 0-turns instead of making U-turns. They can parallel
park by slipping in sideways.
Figure 4. Maneuverability of CityCar
Figure 5. Different modes of CityCar
Figure 6. CityCar WeightlDimension
Comparison and Folding Sequence
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CityCar Weight/Dimension Comparison and Folding Sequence 3/6
Foldability
The most significant benefit of using wheel robots is that it enables foldability for CityCar,
because the elimination of the traditional engine and drive train. A CityCar can fold or
unfold in a very short time, even when users still on board. A folded CityCar still have the
full driving function of an unfolded CityCar.
Micro Footprint
When a CityCar is unfolded, the length is about the same length of a Mercedes-Benz
Smart car, about 262cm / 103 inches. However, when it is folded, the length is about
198cm / 80 inches. It reduces its original footprint by 25%. A CityCar is already smaller
than a conventional gasoline car. A CityCar is even smaller when it is folded and parked
in MoD stations. Depending on context, up to three folded and stacked CityCars can fit in
one traditional parking space. MoD system is intended to do a large scale urban imple-
mentation. There will be a lot of cost in acquiring real estate for parking and charging.
When a CityCar is folded can save 25% of its footprint, it means that it will save a lot of
money for system operator. In Taipei City, sometimes a parking space is even more ex-
pensive than a car is parking above it. 25% of saving is pretty good.
Rear Module
Storage and Supplementary Power
el Robots
NA Drive-by-Wire Electric Motor, Suspension, and Steerin
Figure 7. CityCar exploded diagram of components
Front Ingress and Egress
By removing the traditional engine in front of a vehicle, users can enter and exit a CityCar
in a front, rather than on the sides. When a CityCar is folded, the chairs inside the CityCar
will also be lifted. When the front door opens, users will be in half standing position and
make going out and coming in of a CityCar easier. The feature of front ingress and egress
totally transforms the relationship between vehicle and streets. Users can directly step
onto sidewalks, without the danger of hitting by approaching cars from the back. Users
can directly get into a CityCar from sidewalks, without obstructing the moving traffic if us-
ers get into a vehicle from its side on the street.
Inductive Charging Ability
CityCar is developing the inductive charging ability. Vehicles can automatically recharge
themselves wirelessly while they are parked in MoD stations. The constant charging can
also reduce the need for massive amounts of batteries on-board the vehicle and also
improve the fuel/power efficiency.
Dynamic Front Impact Dampening
CityCar can take advantage of its foldability to emulate the crumple zone of the present
vehicles. When a CityCar hit something in the front, it can use its foldable frame to reduce
the impact force and decelerate passengers inside the CityCar.
Autonomous Driving Ability
The most important assumption of CityCar's feature in the thesis, is that CityCar will equip
with autonomous driving ability. CityCar is totally drive-by-wire. It means that CityCar is
driven by digital signal rather than mechanical or physical force. Right now, the driving
interface of CityCar interprets drivers' input into digital signal to control the vehicle. The
vehicle will not care about what is the original source of the input. Therefore, a computer
can easily send out digital signal to take over control of a CityCar. A CityCar is equipped
with a lot of sensors on board. CityCar can use it sensors to navigate itself in a physical
environment, without hitting anything. In the thesis, autonomous driving ability is only
using as autonomous valet parking inside MoD stations. Therefore, it greatly reduce the
chance of hitting anything or anyone. It is the fundamental assumption of the thesis, that
a CityCar can drive and park itself.
Figure 8. CityCars on a narrow urban street

3.0 TAIPEI CITY
3.1 Introduction
The thesis is using Taipei City as a case study city for Mobility-
on-Demand system urban implementation studies. The pick-up
and drop-off process typologies and three stages of Mobility-on-
Demand system, the portal stage, the interface stage, and the
system stage, present in later parts of the thesis, are specially
designed for the existing urban conditions of Taipei City. The de-
sign strategies are proposed by using data and studies gathered
and analyzed for this thesis. The Taipei City urban analysis part
of this thesis is based on the previous research works, which I did
for my previous thesis, "Taipei Mobility: Gone in Less Than 300
Seconds-Mixed Modality Transportation System in Dense Mixed-
Use Urban Fabric, Take Taipei City For Example," in Department
of Architecture, MIT, 2008. It is presented in chapter 6.0 appen-
dix. The Taipei City urban analysis is the foundation of this thesis.
There are fourteen aspects of Taipei City urban analysis and they
are listed in the following.
6.1 Taipei City
6.1.1 Introduction of Taipei City
A brief introduction of Taipei city. Please see more detail in P.175.
6.1.2 Pilot Program of Mobility-on-Demand
Reasons of why chose Taipei City as the candidate for Mobility-
on-Demand pilot program. Please see more detail in P.175.
6.1.3 Location and Geography
Introducing the location and geographical features of Taipei City
and its neighboring areas. Please see more detail in P.177.
6.1.4 Administrative Zones
Introducing the administrative zonings and its surface area in Tai-
pei City and Taipei County. Please see more detail in P.179.
6.1.5 Population and Density
Introducing the population and population density of Taipei City
and Taipei County. Please see more detail in P.180.
6.1.6 Urbanized Area of Greater Taipei
Introducing the seven different types of urbanized area of greater
Taipei City. Please see more detail in P.183.
6.1.7 Road Systems
Introducing the road systems in Taipei City, including high-speed
rail, railways, highways, expressways, main streets, and Mass
Rapid Transit (MRT). Please see more detail in P.189.
6.1.8 Public Transportation
Introducing the public transportation system in Taipei City, includ-
ing MRT and public buses. Please see more detail in P.190.
6.1.9 Transfer Types
Introducing the transfer types between different transportation
modes in Taipei City. Please see more detail in P.191.
6.1.10 Private Vehicles
Introducing the private vehicle ownerships, including cars and
scooters, in Taipei City. Please see more detail in P.193.
6.1.11 Parking in Taipei City
Introducing the parking in Taipei City and also cars, scooters, and
parking spaces densities. Please see more detail in P.195.
6.1.12 Home versus Work Trips Matrix
Introducing the home to work or work to home commuting pat-
terns in Taipei City. Please see more detail in P.196.
6.1.13 Urban Interface
Introducing how to categorize streets based on its urban inter-
face features. This is the basis of the thesis and many chapters
are based on these eight different types of urban interface to de-
velop its design strategies and proposals. Please see more detail
in P.200.
6.1.14 Streets in Greater Taipei Area
Introducing the communal street and main street typologies of Tai-
pei City. Please see more detail in P.201.
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4.0 THREE STAGES OF
MOBILITY-ON-DEMAND SYSTEM IN TAIPEI CITY
Interface
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4.1 The Anatomy of Mobility-on-Demand Stations
The Mobility-on-Demand station manages the Mobility-on-De-
mand vehicles from the time that they have been returned until
the next users pick them up. During this period of time, the core
functionality of Mobility-on-Demand station can be divided into
three stages: the portal stage, the interface stage, and the system
stage. Each stage will be responsible for a certain job. The portal
stage is about where to locate a MoD station. The interface stage
is about how users pick up and drop off a MoD vehicle at a MoD
station. The system stage is about how a MoD station handles its
vehicle charging tasks, vehicle flows, and the station spatial layout
in different urban environments.
The Mobility-on-Demand system provides a one-way rental ser-
vice, during which users may only be charged for the period of
time from when they pick up a MoD vehicle at one station, to
when they return the MoD vehicle at another station. The pickup
and drop-off stations can be the same station or can be different
stations. During the time interval lasting from when a user picks
Exit MoD(Charging Station
Non-Charging)i
Pick-up Take-off
Pick-up
Point
up a vehicle till he or she returns it, he or she will be driving the
vehicle on his or her trip. During this period of time, the Mobility-
on-Demand system is focusing on the MoD vehicles on the roads
and how users interact with their MoD vehicles. However, from the
time that users return their vehicles to the time that the next users
pick up these vehicles is the period of time that the entire Mobility-
on-Demand system is focused on Mobility-on-Demand stations.
The Mobility-on-Demand system in Taipei City will focus on the
Mobility-on-Demand station design and user scenarios from when
users return their MoD vehicles to when the next user picks it up
and drives it away. The sequence of the user scenarios will con-
sist of the MoD users trying to find a station to drop off the MoD
vehicles, the portal stage; the MoD users interacting with the sta-
tion to drop off the vehicles, the interface stage; the vehicles en-
tering a station, charging themselves, exiting the charging spots to
the parking spaces for the next user to pick up, the storage stage;
the vehicles parking at the station and a user interacting with the
Portal I System Interface I Portal
station to pick up a MoD vehi-
cle, the interface stage again;
and finally the user picks up a
vehicle and drives it away, the
portal stage. These are the five
stages from the time that a car
enters the station to it leaves
the station.
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Figure 11.
The Portal Stage
The portal stage is about dis-
tributing MoD stations for us-
ers of the MoD service. The
locations of stations will have
crucial impacts on how users
use the MoD system. The MoD
system takes advantage of six
existing established places or
locations to build their stations
nearby or at. These places
are Mass Rapid Transit (MRT)
stations, schools, convenient
stores, bus stops, gas stations,
and car parks. The MoD sys-
tem will synergize its service
with these six locations and
provide more convenience to
the city. Please see chapter 4.2
for more detail.
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Figure 12.
The Interface Stage
The interface stage is about how
the appearance and functional-
ity of the MoD station including
vehicle pick-up and drop-off
process in the MoD station. The
users will either take control of
the MoD vehicles from the MoD
system or give control back to
the system during this inter-
face stage. The interface of the
MoD systems has three major
components, the MoD Smart
kiosk, the Smart Curbstone,
and the Smart Docking Pad.
Each of these components is
specially designed for the Tai-
pei MoD system and plays an
important role in the interface
stage. Please see chapter 4.3
for more detail.
Figure 13.
The System Stage
The system stage is about, be-
tween the time that after a MoD
vehicle returned to a station
and before the time that vehicle
has been picked up by the next
user, how a MoD station han-
dles its vehicle charging tasks,
vehicle flows, and the station
spatial layout in different ur-
ban environments. The system
stage can be divided into three
phases; the entrance, the stor-
age, and the exit phases. Af-
ter a MoD vehicle entered the
system stage, it will move and
charge itself autonomously in-
side the realm of the MoD sta-
tion, based on the MoD system
optimization for different loca-
tions. Please see chapter 4.4
for more detail.
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4.2 The Portal Stage: The Placing Solution
for Mobility-on-Demand Stations in Taipei City
4.2.1 The Portal Stage: Introduction
The task of locating a Mobility-on-Demand station to pick up or
to drop off a MoD vehicle is the key issue for the Mobility-on-De-
mand system urban implementation. If the MoD stations are not
distributed properly, it will prevent many users from utilizing the
system because they may find it confusing to find a station. How-
ever, if the MoD stations are not distributed evenly, the users may
also find it confusing because they might not able to find the MoD
station to return their vehicles after they arrive at their destination,
or a station nearby their origins to pick up a vehicle.
The portal stage is about where to locate a MoD station. The por-
tal stage means that the users can go to certain locations and
places, which are suitable for building Mobility-on-Demand sta-
tions, for their MoD vehicles. The Mobility-on-Demand service is a
new kind of service so it will be difficult to establish its own location
without connecting to the existing urban context. Therefore, the
Taipei Mobility-on-Demand system will build the MoD stations in
the existing locations or places, where the services they are pro-
viding have common interests with the MoD system. In the greater
Taipei City area, there are six different types of places or locations
that the Mobility-on-Demand service can suitably tap into. All of
them have their own social functions, spatial characteristics, and
special services. They all play important and irreplaceable roles
in Taipei City. These places are Mass Rapid Transit (MRT) sta-
tions, schools, convenient stores, bus stops, gas stations, and car
parks. Each of these places has its own function and role in an ur-
ban environment and their distribution in the urban area is dense,
wide, and uniform. They play roles as transportation hubs, trans-
portation nodes, community centers, places where people con-
verge, etc. After adding the Mobility-on-Demand features to their
functions, their original functions will prosper and expand their in-
fluence and the MoD system will synergize with these places and
their services to improve their coverage and service to provide
greater convenience to city dwellers.
I Portal Interface System Interface I Portal
Figure 15.
The Mobility-on-Demand System in Taipei City
Backbone
System Ubiquitous System Supporting System
MRT Station
Backbone sys-
tem is illustrated
in chapter 6.3,
P.219.
School
Ubiquitous sub-
system I is illus-
trated in chapter
6.4, P.225.
Convenience
Store
Ubiquitous sub-
system II is illus-
trated in chapter
6.4, P.229.
Bus Stop
Ubiquitous sub-
system III is illus-
trated in chapter
6.5, P. 233.
Gas Station
Supporting sub-
system I is illus-
trated in chapter
4.2.2, P.41.
Car Park
Supporting sub-
system I is illus-
trated in chapter
4.2.3, P.45.
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4.2.2 Supporting Sub-System 1:
Gas Stations
Schools, convenient stores, and bus stops
are locations, which distributed evenly
throughout Taipei City. They are the ubiq-
uitous system. However, except schools,
the locations of convenient stores and bus
stops do not have much space to estab-
lish a bigger size MoD station. Therefore,
there should be another supporting system
to support MoD system in Taipei City, with
greater capacity to store more vehicles.
In Taipei City, gas stations can be the sup-
porting sub-system. If MoD system has a
successful launch in Taipei City, it means
that the traffic condition should be better,
because more people will use the public
transportation system, instead of driving
their own gasoline vehicles. If the number
of private gasoline vehicle ownerships goes
down, the city might not need so many gas
stations, because the demand for gas also
drops. However, as long as there are gaso-
line vehicles, gas station should exist in the
city. Therefore, gas station should start to
serve both gasoline vehicles and electric
vehicles, when electric vehicles are be-
coming more popular.
Instead of just using gas station to serve
private vehicle, the location of the gas
station can actually be a very good MoD
station location. In greater Taipei area,
within the city center, there are not many
gas stations. Most of the gas stations are
located in the perimeter of the city center
and also located on major avenues in sub-
urbs. Gas stations can be the MoD ware-
house stations in those locations. Unlike
the ubiquitous system locations, gas sta-
tions have space, both above ground and
underground. MoD system can build au-
tonomous parking structures in this loca-
tion. To absorb overflow MoD vehicles or
to dispense MoD vehicles when they are
needed by the nearby users. There are
258 gas stations in greater Taipei area.
Gas Station
Distribution Dia-
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4.2.3 Supporting Sub-System 2:
Car Park
In Taipei City, besides gas stations, car
parks can be the other supporting sub-sys-
tem. When more people start to use MoD
system, the less of them will own their pri-
vate vehicles. In Taipei City, most of people
do not have their own garages. Although
there are a lot of car parks, most of the
people park on street at night to avoid park-
ing fees. There are a lot of areas restricted
for parking, but they are open for parking
at night times. Unlike gas stations, the den-
sity of parking structures is higher when it
is closer to the city center. Car parks also
have a lot of space. If there are less and
less people drive their own cars, there will
be more empty space in car parks. Since
car park locations are complementary to
location of gas stations, and car parks also
have a lot of space, car parks can become
the MoD warehouse station in city center.
It can play the role of balancing the MoD
vehicles supply and demand the nearby
areas. They are currently 1,211 car parks
in greater Taipei area.
Car Park
Distribution Dia-
gram in Greater
Taipei Area
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4.3The Interface Stage: The Design Solution
for Mobility-on-Demand Stations in Taipei City
4.3.1 The Interface Stage: Introduction
After locating a Mobility-on-Demand station, the next step for user
is to physically interact with the MoD system to pick up a MoD
vehicle or to return one. The interface stage is illustrating the in-
terface of the Mobility-on-Demand station on how the station in-
teracts with its users. Many of the MoD stations are on the street
level and many of the MoD vehicles are charging in an open envi-
ronment. With the autonomous driving capability, the MoD system
can move the cars around among its vehicle drop-off point, user
drop-off point, charging point, vehicle pick-up point, and vehicle
take-off point, based on the system's needs. These points will ex-
plain in detail in Chapter 3.4.6. Not all of the vehicles, which users
see on the street, can be pick up at any time. The same to, not all
the available parking and charging spots, which users see on the
street, can drop off their MoD vehicles. It would be very confus-
ing if there is no simple rule for users to recognize where to pick
up or to drop off of a car. Therefore, the MoD station should act
like the McDonald's yellow sign. Everyone sees it knows what it
Figure 22.
MoD
Station
User Vehicle
Pick-up Take-off
means. Moreover, the pick-up and drop-off points should act like
the counter in McDonalds. Everyone enters a MoD station knows
where to pick up or to drop off a MoD vehicle, just like buying a
hamburger in McDonalds. Therefore, the interface should be very
clear, after the users arrived at the stations, they should be able
to tell immediately where to go to that they can pick up a vehicle
or drop off one.
The interface stage shows clear design guidelines of a station and
its conceptual prototypes. The prototype of the Mobility-on-De-
mand station has three major components, the MoD Smart kiosk,
the Smart Curbstone, and the Smart Docking Pad. Each of these
components are specially designed for the MoD system in Taipei
City and plays an important role in the interface stage. The design
guidelines need to reflect the dynamic nature of the MoD sys-
tem, which stations might need to redistribute from time to time,
based on the trip supply and demand trends. These components
are very easy to transport, deploy, install, and relocate. They are
an autonomous system and can stand and work by themselves.
All they need is a power supply, not too much existing infrastruc-
I Portal nterface System Interface I Portal
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are good for all kil f urban
environment. They ill create
an intuitive and standard user
scenarios for all MoD users.
During this stage, the vehicle
control will be either handed
back from the users to the sys-
tem, or handed to the users
from the system. The driving
mode will be switched back
and forth between the manual
driving mode to autonomous
driving mode. The MoD station
asdto deal: with this transition
to make.,1( easier for users to
4.3.2 The Mobility-on-Demand Station Components Design Guidelines and Prototypes
There are a lot of things need to be considered when it comes to designing the Mobility-on-Demand station. The charging station con-
sists of several major components to fulfill its jobs, which are interacting with users and also providing information, directing incoming
traffic and users queuing line for vehicle pick up, wireless charging the MoD vehicles no matter how they parked, providing power con-
nection and power supply to all the components, etc. In order to achieve these goals, the following design guidelines need to be met
to have a successful MoD station implementation. These design guidelines will help the MoD charging station to distribute widely in a
vary and dense urban environment.
The Station Design Challenges from the Users and System Operators' Perspective
There are two dimensions need to address when it comes to the Mobility-on-Demand station design. One is for the users and the other
is for the Mobility-on-Demand system operator.
From the users' perspective, they do not know and did not care about the technicality of how vehicles are charging themselves and how
do they move around inside the charging systems. They only care about how to pick up a vehicle and how to drop them off after they
finished using it. Therefore, this is what they should know. The users only need to know about the pickup and drop off process. The
pickup and drop off process will be standardized in every stations. It does not matter how a station looks like or how a station handles
its vehicle storage and charging process. The pickup and drop-off process will be the same.
From the Mobility-on-Demand system operators' perspective, each station is facing different challenges when it comes to build a new
charging station in the existing urban environments in different locations. The design guidelines need to be flexible to accommodate all
kinds of urban environments in order to widely distribute the Mobility-on-Demand station in urban area. Therefore, the charging process
and the way the system stores its vehicles will be different from one station to another based on the urban environment the station is
situated in.
Four Design Guidelines for the Mobility-on-Demand Station Design
The following are the four design guidelines in designing a MoD station. Each of these
guidelines is very important to the overall success of the Mobility-on-Demand system
urban implementation.
Easy to Transport, Deploy, Install, and Relocate
The first design criteria of these components is that they must be
mobile and flexible. They should be more like urban furniture than
infrastructure. If there is a large-scale implementation of MoD sys-
tem in Taipei City, there will be thousands of MoD station cover
the entire city. If the system is not easy to transport, deploy, and
install, it will take a long time to implement the first pilot program.
It is not efficient and it is not economical. Moreover, the Mobility-
on-Demand system is evolving and improving itself when the time
progresses. The system can optimize itself when it gathers more
data of the urban traffic supply and demand. The system would
need to relocate the MoD station to a better location to better meet
these demands. The Mobility-on-Demand station is not a perma-
nent settlement. It will grow and evolve with the city. Therefore, af-
ter the first implementation, there will be a lot of adjustment of the
locations of the stations. Moreover, there will be constant adjust-
ment if the system is running. The system should be able to unin-
stall easily, without damaging the existing infrastructure or a lot of
repair works after it is removed, and relocate to the next location.
Hence, the first design guideline is very important to designing the
Mobility-on-Demand station components.
Autonomous System, Not Much Existing Infrastructure
Modification Needed
The second design criteria of these components is that they do not
need a lot of modification on the existing infrastructure for a large
scale, city-wise implementation and they can work autonomously
by themselves. The current transportation infrastructure is actually
tailor-made for the current transportation means, which mainly are
gasoline vehicles and scooters. It took many years to evolve to the
stage it is at right now. The Mobility-on-Demand system is a brand-
new concept, which breaks the traditional concepts of private car
ownership and gasoline-powered vehicles. It will certainly influence
the way we interact with the current transportation infrastructure. It
will need a different infrastructure to support the system. However,
if we need a total transformation of the current infrastructure, it will
be an impediment for implementation of the Mobility-on-Demand
system. Therefore, designing Mobility-on-Demand station compo-
nents which can work with the current infrastructure is a require-
ment in order to make the system viable and successful. These
components should blend into the current urban space and also fit
into the current using scenarios of the traffic infrastructure. These
components should also be able to function autonomously with
little or no outside resources. These components should supply
power, power connection, and structural supports to themselves.
They should be able to communicate and work as a single system,
despite of the fact that, in one station, they might locate in different
places and not physically linked together.
Universal and Adaptive Design for
All Kinds of Urban Environment
The third design criteria of these components is that they should
be a modular design but with a great ability to adapt to any kind of
urban environment. In a large scale urban implementation scenar-
io, it will need hundred of thousands pieces of these components
to build a Mobility-on-Demand station network citywide. If the de-
signs of these components are not modularized, but tailor-made
for each location, the numbers of variations of these components
will prevent this project from happening. Therefore, the design of
these components need to be simple but with the flexibility to ac-
commodate and cover all kinds of dense urban environment. The
system operator should be able to handle hundreds of different
station site conditions with a few combinations assemble from
these components. With the intention to scale up the Mobility-on-
Demand system, standardized and modularized designs will be
very important. The designs of these components should be more
like industrial design than architectural design. The architecture
design is custom-made for each site. Different site will require dif-
ferent spatial solution. However, the vehicle design is universal. It
could handle all kinds of terrain and roads with the exact same four
wheels. One design fits all is crucial to the Mobility-on-Demand
system.
Intuitive and Standardized User
Scenarios
The fourth design criteria of these compo-
nents is that they should be intuitive for us-
ers to use it without any or with little pre-
requisite training or knowledge. Despite of
hundreds of different site conditions and all
the different various combinations gener-
ated from these components, users should
be able to follow simple rules to pick up a
vehicle and drop it off after using it. These
intuitive and standardized user scenarios
should be set up like traffic rules. No matter
how different each road or each intersec-
tion looks like, a driver should be able to fol-
low simple driving rules to guide him or her
safely through these different situations.
Therefore, a universal design and rules for
users to know how to interact with the sys-
tem without too much thinking will be very
important for the Mobility-on-Demand sys-
tem implementation.
The Three Major
Components of
the MoD Station
Based on the de-
sign guidelines, this
thesis presents a
conceptual design
prototype for the
Mobility-on-Demand
station. The design
divides the station
into three major
parts; the MoD
Smart kiosk, the
Smart Curbstone,
and the Smart
Docking Pad. Each
of them has all the
design guideline
features and they
work together as
one single system.
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The MoD Smart Kiosk
The MoD Smart Kiosk is the interface be-
tween users and the MoD system. Users
can pick up vehicles at these kiosks and
also learn about nearby local information.
The MoD Smart Kiosk also displays real-
time queuing information for users who
want to drop-off or pick-up vehicles. The
MoD Smart Kiosk also plays the role as
a control module for the MoD station and
wire/wirelessly communicates with Smart
Curbstone and Smart Docking Pad. Please
see chapter 4.3.3 for more detail.
The Smart Curbstone
The Smart Curbstone is the base piece for
the MoD stations. It provides electricity and
structural connection for the MoD Smart Ki-
osk and the Smart Docking Pad. Each Smart
Curbstone can connect to each other and pro-
vide power connection throughout the whole
charging station. It also provides vehicle infor-
mation for users who want to pick up vehicles
and parking instructions for users who want
to drop-off vehicles. It is mobile, easy to as-
semble and fit nicely into the current street en-
vironment. Please see chapter 4.3.4 for more
detail.
The Smart Docking Pad
The Smart Docking Pad provides wire-
less charging capability to the MoD
vehicles and also directs users where
to drop off their vehicles. The Smart
Docking Pad is designed both for nose-
to-curb and curb-parallel parking. The
curving shape increases the efficiency
of inductive charging. The displays on
the pads are working together with the
Smart Curbstone side display forming a
visual direction for users who want to
return their vehicles. Please see chap-
ter 4.3.5 for more detail.
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The Exterior of the MoD Smart Kiosk
The MoD Smart Kiosk is made out of stainless metal to accom-
modate the humid and rainy climate in Taipei City. It comprises of
three major components; the upper unit, the lower unit, and the
transparent touchscreen. The footprint of the kiosk is 80 cm x 30
cm. The design principle is to shrink the kiosk footprint as much
as possible in order to blend into the existing streetscape. The
heights of the kiosk will depend on the position of the upper unit.
When it is fully closed, it is 210 cm; when it is fully opened, it is
300 cm. Although the kiosk looks pretty much the same from each
Facing
sidewalk
Facing
street
Right
side
direction, it has a front side and a back side. The front side of the
kiosk is generally facing the street and providing information for
car drivers in the traffic and the users who want to return their ve-
hicles to the station. The back side of the kiosk is generally facing
the sidewalk and providing information for the passing by pedes-
trians and the users who want to pick up vehicles at the station.
The difference between front side and back side is that the back
side has a physical user interface. Users can conduct transactions
by using the keypad and print out the receipts.
300cm
The Transparent Touchscreen Display
The main interface of the MoD Smart Kiosk is the transparent touchscreen display. The
users can use it when the kiosk is in the open position. In order to fit into the street envi-
ronment nicely, it is better to minimize the footprint of the kiosk and not to block the views
for the street users as much as possible. However, the kiosk needs its visibility for the
MoD system to work. The solution is to make the mid section of the kiosk transparent,
which is the transparent touchscreen display. It will not block the view of pedestrians and
car drivers from their eye levels. When a user is using the system, he can still see the
street traffic through the touchscreen. The augmented reality technology can also be used
on this display to overlap information on top of the real thing to provide more information.
The last but not the least, the transparent touchscreen display will not block the view of the
buildings or stores' facade behind it. It is very important to promote commercial activities
from an economic point of view and to prevent the unnecessary rejections from of these
building and store owners for setting up something between their properties and streets.
The Upper Unit Displays Figure 28.
The upper unit has four large displays facing each direction. Each display is customized to show specific information to each direction.
The displays are showing information about the latest MoD vehicles supply and demand information in green or red, station number,
news, latest headline, location information in Mandarin and English, local time, travel and commute information, etc. The most impor-
tant one is the MoD vehicles supply and demand information. It is very important for users to make decisions about picking up or re-
turning MoD vehicles. The supply and demand information in green means, at this location, the supply of MoD vehicles is greater than
the demands of users want to pick up; the red means vice versa. For example, if a user wants to pick up a MoD vehicle, when he sees
a green number on the MoD station displays, he will know that there are that number of vehicles available for pick up at that station.
On the contrary, if he sees a red number, he will know that there are that number of users queuing up for MoD vehicles at that station.
Users can also use this information to help them returning their vehicles. When the MoD Smart Kiosk is in the fully open position, the
display facing the street, the lower figure in the middle, is showing supply and demand information in bigger size. It helps the driver to
see in a far distance and in a faster speed. The display facing the pedestrian, the lower figure on the left, is showing more detail infor-
mation for user to pick up a vehicle. When the ki-
1 V& osk is in the closed position, the display facing the
STpedestrian, the lower figure on the right, becomes
a touchscreen display, replacing the transparent
touchscreen, for users to interact with.
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The Adjustable Height of the MoD Smart Kiosk
The height of the MoD Smart Kiosk is adjustable based on the condi-
tion of each site and is determined by the position of the upper unit,
ranging from 210 cm to 300 cm. The upper and lower units have the
mechanical mechanisms, to use the transparent touchscreen frame
as a track, to lift the upper unit up or down. There are several ben-
efits when the kiosk has the ability to adjust its height. First, when
the upper unit is lifted to the fully open position, it will fully revealed
the mid section of the kiosk, the transparent touchscreen, in order to
not block the views of the street users as much as possible. By doing
so, it can also give the upper unit displays a better position for users
to see from far away. Second, the ability to open and close the kiosk
gives the system operator the ability to deal with the climate in Taipei
City. Taiwan is famous for its typhoons, hot, rainy, humid weather. The
kiosk can be fully opened during the normal days. However, during
the extreme weather conditions, the system operator can command
the outdoor kiosks to close. The upper unit and lower unit will seal
the gap in between. When it is fully closed, the most fragile part, the
transparent touchscreen, is protected inside the case. The stainless
metal case can withstand the extreme weather conditions. However,
at the same time, the kiosk will not lose its functionalities. When the
upper unit is in the closed position, the display which is facing the
sidewalk will become the main interface for users to conduct a trans-
action and inquiries. This display is also a touchscreen display. Users
can use it the same way they are using the transparent touchscreen.
Third, the adjustable heights of these kiosks can give them the ability
to fit into different urban environment. In the mass implementation
phase of the MoD system, it is a very important to create a modular
system to fit into different urban environment. Since the kiosk can ad-
just its height, it can be placed in outdoor, semi-outdoor, even indoor.
The system operator only need to adjust its height accordingly to the
situation it is situated in. This one design fits all strategy will save a lot
of time and money for the operation of the MoD system.
Figure 32.
Figure 33. 3
The Upper Unit of the MoD Smart Kiosk
The upper unit of the MoD Smart Kiosk not just has four large
displays, but also has other functions when it is in the fully open
position. First, it has several lights beneath the units. When it
is opened, the lights can help users to see things clearly when
they are using the system. It can also function as a street light-
ing when it is needed. Second, the upper unit can also act as a
sunshade when the weather is too hot and a rain cover when it is
raining. It will offer some kind of comfort and convenience to us-
ers when they are using the transparent touchscreen. When it is
in the semi-closed or fully closed position, one of the four large
displays, which is facing the sidewalk, can function as a touch-
screen for users to use. This way, the system operators doesn't
need to worry about the trade-off when he makes a decision to
close the kiosk. Both this display and the transparent touchscreen
will offer the same functionalities to users. The upper unit is also
a communication unit at the station. It can take advantage of its
height to provide and receive better wireless singles to and from
other components.
Figure 34.
The Lower Unit of the MoD Smart Kiosk
The lower unit of the MoD Smart Kiosk is the base unit of the MoD
Smart Kiosk system. It physically connects to the ground units,
which is the Smart Curbstone, to have structural supports and
power supply. It also connects and communicates to the rest of
components by wire. It has a mainframe in its unit to handle the
computing for this station and connects to the server of the MoD
system in Taipei City. The motors, which provide power to lift the
upper unit up and down, is located in the lower unit to reduce the
weight of the upper unit. Besides the transparent touchscreen be-
ing the main user interface for the kiosk, the lower unit also has a
physical user interface for users to use. It has keypad, credit card
reader, receipt and information printer, and a wireless member-
ship card reader. Users can conduct transactions regarding the
MoD trips and other transactions which are provided by the MOD
kiosks by using this user interface. Users can simply tap their MoD
membership cards to activate their MoD accounts and log in the
MoD kiosk. The password is needed before logging in the system.
The users can use the physical keypad to input the numbers to
avoid being seen by others on the transparent touchscreen.
The Mod Kiosk Placing Strategy
The location of where to place the MoD ki-
osk is crucial for Mobility-on-Demand sta-
tions. It will affect the way how users inter-
act with the systems and how the system
transform the urban space. There are five
different types of placing strategies for the
MoD kiosk. These types can cover the ma-
jority of the urban environment scenarios
where the stations are situated in. The sys-
tem operator can decide where to place the
MoD kiosk based on the local site condi-
tion. Moreover, each of these types also
forms a different spatial relationship with
the location they are at and might need dif-
ferent pre-work to make this to happen.
Type 3
The MoD kiosk can be placed on any part
of the sidewalk. This is a more fixed plac-
ing solution. Without the Smart Curbstone
to provide power supply and structural con-
nection, the MoD kiosk would need some
modification on the existing infrastructure to
supply power and structural supports.
Type 1
The MoD kiosk can connect with the Smart
Curbstone and directly place on top of it,
which is facing parallel to the street. This
is a more mobile solution.
Type 4
If there is a cut on the sidewalk for the MoD
station, the MoD kiosk can be placed on
the Smart Curbstone extension platform,
facing parallel to a street. This is a more
mobile solution.
Type 2
The MoD kiosk can connect with the Smart
Curbstone and directly place on top of it,
which is facing perpendicular to the street.
This is a more mobile solution.
Type 5
The MoD kiosk can be placed on the Smart
Curbstone extension platform, facing per-
pendicular to the street. The users will see
the MoD vehicles through the transparent
touchscreen. The screen can provide aug-
mented reality information. This is a more
mobile solution.
4.3.4 The Smart Curbstone
The Smart Curbstone is the key component for the MoD stations.
It is responsible for providing structural supports and power sup-
ply, to the other two components, the MoD Smart Kiosk and Smart
Docking Pad. The Smart Curbstone has two displays; one on the
side and the other on the top. The side display provides instruc-
tions for users who want to docking in the stations and the top
display provides information for users who want to pick up ve-
hicles and gives out warning signs to the passing by pedestrian
about moving vehicles in the stations. Each Smart Curbstone is
a modular design which is easy to transport, deploy, and installed
on-site. It can connect to one another and form a charging infra-
structure for a MoD station without too much modification on the
existing environment. All the Smart Curbstones need is a power
supply and that is all. Therefore, this is also very convenient to re-
locate a station and redeploy. Although the Smart Curbstone is a
modular design, it can very in display contents and other colors to
accommodate all kinds of urban environment and user scenarios.
These modular designs will give this system a greater opportu-
nity to reach an economy of scale when the MoD system is going
to mass implementation. With the help of the color codes of the
Smart Curbstone and the displays on it, it is very easy to design
a pick-up and drop-off process for the MoD system. These user
scenarios will also work very well with the present urban environ-
ment.
Figure 41.
The Exterior of the Smart Curbstone
The Smart Curbstone is a 20 cm x 20 cm x 120 cm metal bar,
which was made out of reinforced stainless metal to withstand
the climate in Taipei City, and also the weight of a MoD vehicle,
which may occasionally bump into the Smart Curbstone, because
it is functioning as a car stop. The Smart Curbstone is actually the
same size of an existing concrete curbstone. Therefore, it is very
convenient to replace a present one with a Smart Curbstone, or to
place a Smart Curbstone
in front of an existing one.
One standard parking/
charging space for a MoD
vehicle requires two Smart
Curbstones and four Smart
Docking Pads, which is
demonstrated on the lower
left side figure of this page.
Figure 42.
There are two displays on the Smart Curbstone; one is on the side
and the other is on the top. The Smart Curbstone side display is
designed to direct the incoming traffic to the stations. The Smart
Curbstone side display also works with the Smart Docking Pad
display to give out directions at the same time. These two displays
are meant to be seen from a driver's perspective when he is on
the roads. It is designed to give drivers of the MoD vehicles quick
information about where to park. The screen can show green or
red light, just like traffic light. The green light means this park-
ing space is ready for the MoD vehicles to drop off. The red light
means the reverse. The Smart Curbstone top display is designed
for people who are standing on the sidewalk to see. Therefore,
the screen is facing the sidewalk rather than facing the streets.
The Smart Curbstone top display shows information for users who
want to pick up a vehicle, the status of a vehicle which is parking
at this space, and messages to the passing by pedestrian.
Modular, Mobile and Flexible
The Smart Curbstone is a modular design. It is mobile and easy
to transport and deploy. Although it is a standard design, it can fit
into most of the urban environment, no matter it is on the street,
on the sidewalk, inside the arcade, in the basement, or even in-
side a regular building. It is easy to assemble. The MoD system
team can take the Smart Curbstone to the site and assemble it
on-site. All the team needs is a power outlet. After they assembled
the Smart Curbstones and fixed
them on the ground, they can
connect a power outlet to any of
these Smart Curbstones and the
system will be ready to work.
Figure 43.
Connection for the MoD Smart Kiosk
The Smart Curbstone provides the power supply and structural
supports to the MoD Smart Kiosk. The Kiosk can connect with
the Smart Curbstone through the connection point on top of the
Smart Curbstone. The kiosk can be placed exactly on top of the
Smart Curbstone, either facing streets or sidewalk; or the kiosk
can also connect with the Smart Curbstone on one side and place
perpendicular to the Smart Curbstone. The system operator does
not need to worry where to place the MoD Smart Kiosk when the
Smart Curbstones are installed
in place.
Figure 45.
Connection to Other Smart Curbstones
Each Smart Curbstone is a complete unit. Any Smart Curbstone
can take the power source in and distribute the power to other
Smart Curbstones in the same station. Each Smart Curbstone
has the power wires to handle different type of charging, either
standard charging or rapid charging. When one Smart Curbstone
connects to another, their power wires can establish cascades to
make power transferring from one unit to another possible. No
matter what types of variation of
the Smart Curbstone is, these
power wires are a must have in
any unit. Therefore, in a station,
if there is one Smart Curbstone
has power, the rest will have it to.
This will make the installation of
MoD station much less difficult.
Figure 44.
Connection for the Smart Docking Pad
The Smart Curbstone provides the power supply, structural sup-
ports, and information computing and processing power to the
Smart Docking Pad. The Smart Curbstone is responsible for the
whole charging process of a vehicle and the Smart Docking Pad
is a power adapter responsible for transferring power to vehicles.
The Smart Docking Pad can connect with the Smart Curbstone
to form a complete vehicle charging unit. One unit requires two
Smart curbstones and four Smart Docking Pad. The installation of
the Smart Docking Pad can be
assembled on site. These pads
are modular units and can be at-
tached to any of the Smart Curb-
stones. These modular curb-
stones and pads will make the
transportation and deployment
much easier.
Figure 46.
Smart Curbstone Placing Strategy
Because the Mobility-on-Demand system
needs to work with the existing urban envi-
ronment, how the Smart Curbstone can in-
tegrate into the present streetscape would
be a key factor to a successful urban imple-
mentation. They have five different types of
placing strategies for the Smart Curbstone.
These types can cover the most parts of the
urban environment where the MoD stations
are located in. The system operator can de-
cide how to layout these Smart Curbstone,
based on the assumption that if the station
is permanent, or temporary, and also on the
site condition. Each type will form a differ-
ent spatial relationship amount users, the
MoD vehicles, and the streets.
Type 1
The Smart Curbstone can place next and
parallel to the existing curbstones. This is a
more mobile solution.
Type 2
The Smart Curbstone can place on the po-
sition of the existing curbstones to replace
them. The existing curbstones need to be
removed. This could be a mobile or perma-
nent solution.
Type 3
The Smart Curbstone can place against
and parallel to a wall. The Smart Curbstone
is acting as a car stop. This is a more mo-
bile solution.
Type 4
The Smart Curbstone can place on any part
of a sidewalk. The gray one means that it is
for autonomous parking only, users cannot
drop off their vehicles here. It is acting as a
car stop. This is a more mobile solution.
Type 5
The Smart Curbstone can place on any
part of a ground surface, outdoor or indoor,
to form a car park or a car garage. It is act-
ing as a car stop. This could be a mobile or
permanent solution.
The Smart Curbstone Top Display
The Smart Curbstone top display is located on the top side of the Smart Curbstone. This
is a major communication channel for users who want to pick up a MoD vehicle and for
pedestrian who are passing by the station. Because the display is for people to see when
they are standing on the sidewalk, no matter they are MoD users or other pedestrian, the
direction of the screen will be facing the sidewalk. From the streets, the users will only
see upside down information. The display shows the information and status about the
MoD vehicle, which is charging in front of this Smart Curbstone, information including
parking space number, charging status, battery capacity, capable driving range, capable
driving time, message to users, etc. The display also use specific background color to
represent certain kind of information. The followings are the more detail descriptions of
the content which it is showing.
A. Parking Space Number
It shows the number of parking spaces in
a MoD station. Each parking space has its
own number. When a user is trying to pick
up a vehicle, the kiosk will show the num-
ber of the parking space which the vehicle
is currently at, then the user can find his or
her vehicle from the parking space num-
ber shown on the top display of the Smart
Curbstone.
B. Charging Status
When the charging sign appears on the
Smart Curbstone top display, it means this
parking space equips with charging ca-
pacity and the vehicles can be charged at
this location.
C. Battery Capacity
The color strip inside the battery icon
and the percentage number represents
the charging status. There are two colors
of this color strip, green and red. Green
means this vehicle is ready for users to
pick up and red means this vehicle is not
ready for pick up. The criteria of deciding
whether this vehicle can be picked up or
not will be based on the system operators'
decision. The system will set up a minimum
charge number to satisfy most of the trips
to prevent users running out of power in
the middle of their trips.
D. Capable Driving Range
The capable driving range shows the dis-
tance this vehicle can drive with the cur-
rent battery power capacity. However, this
number is not a fixed number. It will fluctu-
ate depend on the current traffic conditions
and the current urban traffic speed. All this
information will be gathered and reported
back to the system from the fleet on the
roads. It will give users a sense of secu-
rity if they know the battery power capacity
of the vehicle is enough to carry them to
their destination. The system operator can
also use this information to decide in what
charging percentage the vehicle will be
switching from rapid charging to standard
charging. The more accurate the data is,
the more energy the system operator can
manage to sell to the grid.
E. Capable Driving Time
The capable driving time shows the time
which vehicles can drive non-stop at the
current urban traffic speed. At any given
time, the urban traffic speed is different.
Therefore, even with a fully charged bat-
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tery, the capable driving time will be differ-
ent at different times of day. This will help
user to have a sense in their mind wheth-
er the battery capacity in their vehicles is
enough for their trip or not. Most people
can give a pretty accurate estimation of the
time it takes from point A to point B if they
travel often on this route before. However,
most people cannot give an accurate esti-
mation of the distant from point A to point
B. This feature can give users more secu-
rity when they pick up their vehicles. How-
ever, when a user inputs his or her destina-
tion on the screen of a kiosk, the system
should be able to choose a vehicle, for him
or her, which has enough power for his or
her trips.
F. Color Representation
There are four different types of color rep-
resentation shown on the Smart Curbstone
top display. They are green, red, black, and
yellow. Green means the vehicle is ready
for pickup; red means the vehicle is not
ready for pickup; black means messages
to users; and yellow means standby and
warning signs. They will give users a quick
sense of which vehicle is ready for pick up
even just at a quick glance. The system will
decide which vehicle is ready for use and
which is not. The users do not need to care
about the battery capacity in any given ve-
hicles. The system will make sure the us-
ers arrive at their destination with power
left in their vehicles' batteries.
G. Message
The Smart Curbstone top display will show
information which is customized for users
who are using the MoD system and people
nearby the station. For example, each user
can select his or her own username. When
he or she wants to pick up a vehicle and
chooses one in the MoD station kiosk, the
Smart Curbstone top display, which in front
of the vehicle he or she is going to pick up,
will show his or her username and welcome
message. When the MoD vehicles are ap-
proaching, leaving, or moving, the display
will show warning sign and beeping sound
to notify the nearby pedestrian to watch
out for the vehicles. The Smart Curbstone
top display will be a direct message board
between the MoD system and users when
things are in motion.
A 
-L
The Variations of the Smart Curbstone Top Display
The following shows different types of display content which the
Smart Curbstone top display is showing to users and passing by
pedestrians.
Figure 53.
Charging, Fully Charged, Ready for Pick up
The display shows the vehicle is charging at this space and is fully
charged. The green color means that it is ready for users to pick
up.
ELa. =g 04m
Figure 55.
Charging, Partially Charged, Ready for Pick up
The display shows the vehicle is charging at this space and is par-
tially charged, but power level of the battery is enough to handle
an average trip. The green color means that it is ready for users
to pick up.
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Figure 57.
Charging, Partially Charged, Not Ready for Pick up
The display shows the vehicle is charging at this space and is
partially charged, but the MoD system indicates that the power
level of the battery is not enough to handle an average trip. The
red color means that it is not ready for users to pick up.
Figure 54.
Fully Charged, Ready for Pick up
The display shows the vehicle is not charging at this space but it
is fully charged. The green color means that it is ready for users
to pick up.
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Figure 56.
Partially Charged, Ready for Pick up
The display shows the vehicle is not charging at this space and
is partially charged. However, the power level of the battery is
enough to handle an average trip. The green color means that it is
ready for users to pick up.
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Charging, Fully or Partially Charged, Not Ready for
Pick up
The display shows the vehicle is charging at the space and may
be partially or fully charged. However, the MoD system indicates
that there might be a malfunction of this vehicle and it is not suit-
able for any trip and should wait for the service to come. The red
color means that it is not ready for uses to pick up.
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Figure 59.
Pick up Message
The display shows the welcome message and the username to
user who is picking up the vehicle. The black color means that it is
a specific message to that user.
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Figure 60.
Vehicle Approaching Warning Message
The display shows the vehicle approaching warning message to
warn the people near the Smart Curbstone to pay attention for the
incoming vehicle. The yellow color means that it is a general mes-
sage to users and the people passing by.
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Figure 61.
Drop off Message
The display shows the farewell message and the username to
user who is dropping off the vehicle. The black color means that it
is a specific message to that user.
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Vehicle Leaving Warning Message
The display shows the vehicle leaving warning message to warn
the people near the Smart Curbstone to pay attention for the ve-
hicle about to leave. The yellow color means that it is a general
message to users and the people passing by.
I ] Figure 63.
Standby Display
The display shows nothing but a yellow background. It is a standby
display for the Smart Curbstone which has no current or expected
activities. The yellow color means that it is a general message to
users and the people passing by.
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Vehicle Moving Warning Message
The display shows the vehicle moving warning message to warn
the people near the Smart Curbstone to pay attention for the ve-
hicle about to move. The warning message often displays during
the vehicles doing autonomous switching charging. The yellow
color means that it is a general message to users and the people
passing by.
The Smart Curbstone Typologies
The Smart Curbstone is a modular and universal design; however, there are ten
different types of Smart Curbstones for ten different user scenarios. Their sizes
are the same, but they are different in side display, top display, outer colors,
etc. These Smart Curbstones can be divided into two groups; one is the yellow
Smart Curbstone group and the other is the grey Smart Curbstone group. The
yellow Smart Curbstone group is for users to pick up or drop off the MoD ve-
hicles. The grey Smart Curbstone group is for the MoD system to autonomously
drive from or park in the MoD vehicles.
Y Type 1 Y Type 2 Y Type 3 Y Type 4 Y Type 5
Figure 65.
The Yellow Smart Curbstone Group
The yellow Smart Curbstone is for user to pick up their MoD vehicles from or to drop off their MoD vehicles at. In order to simplify the
pick-up and drop-off procedures for users to use the MoD systems without difficulties or other prerequisite knowledge, to establish a
simple rules, like traffic lights, would be very important to the MoD system urban implantation. In the Taipei MoD system, the yellow
Smart Curbstone is the first rules for users to understand. There are many different kinds of Smart Curbstones in the city, some are for
vehicle pick-up and drop-off, and some are for the MoD system internal use only. It is very hard to know which space is the right space
to drop off a vehicle or which vehicle is the right vehicle to pick up. The yellow Smart Curbstone rule is going to solve these problems.
The MoD users, when he or she wants to pick up a MoD vehicle, he or she would approach to a vehicle parking in front of a yellow
Smart Curbstone. After arriving at their destination, he or she would find a yellow Smart Curbstone to drop off their vehicle. This would
be very useful, especially within one MoD station, there might be several types of Smart Curbstones, some are good for drop off and
some are not. The MoD users only need to recognize the yellow Smart Curbstone to return their cars. The yellow Smart Curbstone side
display and Smart Docking Pad display will also show green or red light to indicate if this parking space is suitable to drop off a vehicle
or not. The yellow Smart Curbstone is also extended to the Smart Docking Pad. If the Smart Curbstone is yellow, the Smart Docking
Pad will be yellow too; vice versa.
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Figure 66.
The Grey Smart Curbstone Group
The grey Smart Curbstone is for the MoD system internal use only and not for users to pick up or drop off their vehicles. All of the MoD
vehicles have the autonomous driving ability. The system can move a MoD vehicle from one parking space to another without a driver
onboard. There is a possibility that where the MoD vehicle is heading to does not need to interact with any user. For example, in a MoD
station, there are three rows of parking spaces; Row A, Row B, and Row C. Row A is the place for users to drop off their MoD vehicles.
Row B is the place where the system is charging all the MoD vehicles. Row C is the place for users to pick up their MoD vehicles. After
users returned their vehicles at Row A, the system will move these vehicles autonomously to Row B for charging. After some of these
vehicles reach to a power level enough for an average trip, the system will move these vehicles autonomously to Row C for users to
pick up. Both Row A and Row C will have users coming and going. However, Row B will only have the MoD vehicles coming in and go-
ing out autonomously without any user's presence or people nearby. Therefore, the Smart Curbstones in Row B will be the grey Smart
Curbstone, to indicate that these are not for users to interact with. The Smart Curbstones in Row A and Row C will be the yellow Smart
Curbstone, to tell users to come here for returning or picking up their MoD vehicles. There are other user scenarios which will need the
grey Smart Curbstones, such as the user drop-off point, the vehicle take-off point, even the Smart Curbstone connector, etc.
The Smart Curbstone Typologies with the Possible Contents of the Smart Curbstone Top Display
The following illustrations are showing all the Smart Curbstone typologies, including side display with green light or red light, and also
giving a description of the role of each Smart Curbstone plays in the MoD system. It is also showing the possible Smart Curbstone top
display content for each Smart Curbstone typology.
Y Type 1
The Y Type 1 Smart
Curbstone is for the
parking space, which is
a vehicle drop-off point,
a user drop-off point, a
vehicle pick-up point,
and a vehicle take-off
point at the same time,
with charging capability.
Figure 68.
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Y Type 2
The Y Type 2 Smart
Curbstone is for the
parking space, which is
a vehicle drop-off point,
a user drop-off point, a
vehicle pick-up point,
and a vehicle take-off
point at the same time,
without charging capa-
bility. Figure 69.
Y Type 3
The Y Type 3 Smart
Curbstone is the base
for the MoD Smart
Kiosk.
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Y Type 4
The Y Type 4 Smart
Curbstone is for the
parking space, which is
both a vehicle drop-off
point and a user drop-
off point, or a vehicle
drop-off point only, with-
out charging capability.
Figure 67.
Y Type 5
The Y Type 5 Smart
Curbstone is for the
parking space, which
is both a user drop-off
point and a vehicle pick-
up point, with charging
capability.
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Y Type 6
The Y Type 6 Smart
Curbstone is for the
parking space, which
is both a user drop-off
point and a vehicle pick-
up point, or a vehicle
pick-up point only, with-
out charging capability.
Figure 72.
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G Type 1
The G Type 1 Smart
Curbstone is for the
parking space, which is
a autonomous vehicle
charging point, with
vehicles driving in and
driving out by them-
selves, with charging
capacity.
Figure 73.
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G Type 2
The G Type 2 Smart
Curbstone is for the
parking space, which
is a user drop-off point,
without charging capa-
bility.
G Type 3
The G Type 3 Smart
Curbstone is for the
parking space, which is
a vehicle take-off point,
without charging capa-
bility.
G Type 4
The G Type 3 Smart
Curbstone is the Smart
Curbstone connector. It
can connect one Smart
Curbstone to another
when they need to form
a cascade. It does not
have charging capacity.
Figure 74. Figure 75.
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4.3.5 The Smart Docking Pad
The Smart Docking Pad is the component, which connects to the
Smart Curbstone, to provides wireless charging capability to the
MoD vehicles. The display of the Smart docking pad also works
with the Smart Curbstone side display to show instructions for in-
coming MoD vehicles about where to park and how to park. A
standard MoD parking space for MoD vehicle needs two Smart
Curbstones and four Smart Docking Pads. When a MoD vehicle
is fully folded and parked at the space, the entire footprint will
stay within the boundaries of the four Smart Docking Pads, no
matter it is nose-to-curb or parallel to curb parking. The design of
the Smart Docking Pad is universal and standardized. Any Smart
Docking Pad can be connected to any Smart Curbstone to form
a parking space for charging. The Smart Docking Pads are easy
to transport and assemble on-site. This is especially important for
the MoD system operation. The MoD station might need to be
relocated from time to time based on the supply and demand of
different areas. The Smart Docking Pad provides the mobility to
achieve this goal. The Smart Docking Pad gets its power from the
Smart curbstone. Once the pads are connected and provided with
power, a charging station is good to go. The Smart Curbstone will
do most of the computing work, such as how to achieve the fast-
est charging time, when to charge at the maximum speed, when
to sell the power back to the grid, etc. The Smart Docking Pad will
execute the charging works. The Smart Docking Pad is an univer-
sal design and it can be deployed to any urban environment, such
as on the street, on the sidewalk, inside the arcade, indoor, etc,
as long as there is a flat surface. The Smart Docking Pad display
will provide users an intuitive user experience, similar to the traffic
light, to direct them how to park their vehicles to a station without
too much training or prerequisite knowledge. Not all the Smart
Docking Pads have charging capability by default, it will depend
on what kind of smart curbstone they are connected to.
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The Exterior of the Smart Docking Pad
The Smart Docking Pad is a 60 cm x 185 cm curving shape metal panel with plastic finished, which was made out of reinforced stain-
less metal and plastic to withstand the climate in Taipei City. These pads also need to withstand the weight of the MoD vehicles, which
are nonstop coming in and out, throughout the day and the night. The highest point of the Smart Docking Pad is 12 cm. It is good for
wireless charging efficiency. The Smart Docking Pad may come in two colors, yellow and grey, depend on what types of Smart Curb-
stone they are connected to. A standard charging unit requires four Smart Docking Pads and they will show in the same color. There
is a large LED display on top of the Smart Docking Pad. It will work with the Smart Curbstone side display at the same time to show
driving instruction for incoming MoD vehicles.
The Smart Docking Pad Side Ramp
The Smart Docking Pad is a standardized design. When they are connected with the Smart Curbstones, these pads can form a very
long charging strip. However, because the Smart Docking Pad has certain thickness, if a station just operates like this, every car drives
in and drives out will hit a bump, because of the high difference. The Smart Docking Pad
side ramp is the accessory to overcome these problems. When the MoD system team is
deploying the MoD station, they can just bring the standard Smart Docking Pads and two
types of side ramps, one for going up and the other for going down. They can assemble
all the Smart Docking Pads and place the side ramp on both side of these pads. And then,
these Smart Docking Pads good for car to park.
Figure 196.
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Figure 81.
Designed for Both Parking Directions
The Smart Docking Pad is designed for both parking directions,
parking nose-to-curb and parking parallel to curb. No matter in
which directions, the MoD vehicle will have a flat and continue
surface to drive without the feelings of hitting a bump.
Wireless Charging
The Smart Docking Pad is designed for efficient wireless charg-
ing. The hump of the Smart Docking Pad contains an inductive
charging adapter. The closer this adapter can get to the vehicle
chassis, which has a wireless charging receiver, the better power
transfer rate the system will get. No matter the car is parked nose-
to-curb or parallel to curb; no matter the car is folded or unfolded;
the hump of the Smart Docking Pad can have a good position for
efficient power transferring.
The Mini Version of
the Smart Docking Pad
The standard version of the MoD
parking space needs two Smart Curb-
stones and four Smart Docking Pads.
However, the mini version of the MoD
parking space only needs one Smart
Curbstone and two Smart Docking
Pads. When a MoD vehicle wants to
park in the mini version of this MoD
parking space, the driver can park on
top of the Smart Docking Pads, with
four wheels landing on the ground.
Connection to
other Smart Docking Pads
The Smart Docking Pad can connect
to one another to form a linear charg-
ing strip. They only need one Smart
curbstones to provide the power. It is
very convenient for deployment in a
large surface area or indoor space.
The Yellow Smart Docking Pad
and the Grey One
There are two types of Smart Curb-
stone, the yellow ones and the grey
ones. The same principle applies to
the Smart Docking Pad. For example,
if the Smart Curbstone the pad con-
nected to is yellow, the Smart Dock-
ing Pad will be yellow too. Vice versa.
If the Smart Curbstone does not have
the charging capability, neither does
the Smart Docking Pad, when it is
connected to that Smart Curbstone.
Figure 82.
The Smart Docking Pad display
There is a large LED display on each of the Smart Docking
Pad. It will work with the Smart Curbstone side display to
show instructions for incoming traffic. Once a Smart Dock-
ing Pad is connected to a Smart Curbstone, the pad is con-
nected to the MoD station system and the pad will know
its location and in which parking space number it is at and
also what to display. Each station will have different park-
ing strategies, some are parking nose-to-curb and some
are parking parallel to curb. The Smart Curbstone side dis-
play will only show green light or red light to show the users
to park or not to park in this parking space. However, the
Smart Docking Pad display will show in which direction that
the users should park their MoD vehicles. When the display
is showing the green arrow strip, it tells users the direction
they need to park their vehicles. When the display is show-
ing the red tire-mark
stop at that pad.
strip, it means that the users need to
11111
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Parking Nose-to-Curb
The Smart Docking Pad dis-
play shows that the vehicle
should park nose-to-curb.
The green pad means the
parking space for the current
incoming vehicle.
Parking Parallel to Curb
The Smart Docking Pad dis-
play shows that the vehicle
should park parallel to curb.
The green pad means the di-
rection that the driver should
follow until he or she hit the
red pad.
Figure 83.
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4.3.6 The Interface Stage:
MoD Vehicle Drop-off and Pick-up Process Types
The MoD vehicle drop-off and pick-up process at the MoD sta-
tion is fairly simple. The whole process can be divided into seven
steps. When a user is driving a MoD vehicle and wants to return
it. First, the user should find a vehicle drop-off point to drop off
his or her vehicle. Second, after the vehicle is parked, the vehicle
will drop-off the user at the user drop-off point. Third, the vehicle
will enter the storage stage for charging and parking autonomous-
ly, controlled by the MoD system. Fourth, after the vehicle has
enough power level for the next trip, the MoD system will drive this
vehicle autonomously to the vehicle pick-up point for the next user
to pick up. Fifth, the next user can pick up the vehicle and enter
the vehicle. Sixth, the vehicle will be ready for the user to drive
away after the vehicle is at the vehicle take-off point. Seventh, the
user drives away the vehicle manually to his or her destination.
There are six different types of pick-up and drop-off process when
users are interacting with the Mobility-on-Demand stations. These
six types can be divided into two major kinds: one is the vehicle
drop-off point is the same as the user drop-off point, and the other
is the vehicle drop-off point is not the same as the users drop-off
point. Each of these two kinds can be divided into three different
types, based on different parking strategies. These three types
are local parking strategy, two-way remote parking strategy, and
one-way remote parking strategy.
The drop-off and pick-up process can be divided into two major
kinds. The first one is the vehicle drop-off point is the same as
the user drop-off point. This means that after a user drops off his
or her vehicle, he or she will leave the vehicle at the same time.
In the pick-up scenario, it means that right after a user picked
up and entered his or her vehicle, he or she will be driving away
the vehicle from that vehicle pick-up point. The second one is the
vehicle drop-off point is not the same as the user drop-off point.
It means that after user dropped off his or her vehicle, the vehicle
will drive itself autonomously to the user drop-off point and stop,
and then the front door of the vehicle will open to drop off the us-
ers. In the pick-up scenario, it means that right after a user picked
up and entered his or her vehicle, the MoD system will still remain
in control of the vehicles and drive the vehicle autonomously to
the vehicle take-off point and stop, and then the MoD system will
give the control back to the users and users will drive their MoD
vehicles away manually.
In either of these two major kinds of drop-off and pick-up process,
they can be divided into three different types, based on different
parking strategies. The first one is the local parking strategy. The
local parking strategy means that when users dropped off their
vehicles at the Point A, the vehicles will be charging at the same
station and wait for the next users to pick them up. The second
one is the two-way remote parking strategy. It means that after
users dropped off their vehicles at the Point A, the system will
drive these vehicles autonomously to other locations for charging
and parking. After the power level of these vehicles are good for
the next trips, the system will drive these vehicles autonomously
back to the Point A for the next users to pick up. The third one is
the one-way remote parking strategy. This means that after us-
ers dropped off their vehicles at the Point A, the system will drive
these vehicles autonomously to other locations for charging and
parking. After the power level of these vehicles are good for the
next trips, the system will drive these vehicles autonomously to
another Point B for the next users to pick up.
During the drop-off and pickup process, the whole MoD station, in-
cluding the MoD Smart Kiosk, the Smart Curbstone, and the Smart
Docking Pad, will work together to send out the right instructions
for users to drop off or to pick up a vehicle. These instructions will
be shown through the displays on these three components and
also the lights from other parked MoD vehicles. These instructions
will also be broadcasted through the speakers inside and outside
of the vehicles and the speakers at the MoD station. These six
types of drop-off and pick-up process are illustrated step by step
in more detail in the following pages.
The Mobility-on-Demand Station Diagram Graphic Index
If there are many MoD stations on the streets, some parking spaces are for charging, and some parking spaces are for vehicle drop
off only, how can users distinguish each function from one another, when they just simply want to pick up or to drop off a vehicle. In the
MoD system in Taipei City, the way to pick up or to drop off a vehicle is very simple. Users only need to find a yellow parking space.
That is all.
The MoD stations can be divided into four location points and one function point. The four location points are vehicle drop-off point,
user drop-off point, vehicle pickup point, and vehicle take-off point. When parking spaces are vehicle drop-off point and vehicle pickup
point, they will be yellow. When parking spaces are user drop-off point and vehicle take-off point, they will be grey. However, the char-
acteristics of a parking space may be more than one. For example, a parking space could be a vehicle drop-off point and a user drop-
off point at the same time, which means when user stops the vehicle at the parking space, he or she will exit the vehicle at the same
very spot. However, the color codes for these two points are different. Therefore, when a parking space needs to yellow and grey at
the same time. It will be yellow. The one function point is charging point. Any of the previous four points can be a charging point and a
charging point can also be independent from those four points. It is just a difference between local charging and remote charging, which
is mentioned in the previous page.
Drop-off a Vehicle
Users can drop off their vehicles
in these two types of yellow
parking spaces. One is with MoD
Smart Kiosk and the other is
without. Users can follow the
green light or red light, which are
showing on the side displays ofSmart Curbstones.
Pick-up a Vehicle
Users can pick up their vehicles
in this type of yellow parking
space, the one with MoD Smart
Kiosk on the side.
System Internal Use Only
The grade parking space is for
the MoD station internal use
only, including charging and
storage. It is not designed to
have any interaction with users.
Point indicator
The yellow and grey color blocks
are point indicators for the
parking space before it.
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Figure 88. The diagram shows how these graphic indexes are applied on a station layout diagram
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At the Point A
User A drives a MoD vehicle manually to the station at Point A.
User A drops off the MoD vehicle.
User A exits the MoD vehicle and leaves the station.
The MoD vehicle starts charging at the station.
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At the Point A
The MoD vehicle finishes charging at the station.
User B arrives at the station and chooses a MoD vehicle at the MoD Smart Kiosk.
User B picks up the MoD vehicle.
User B drives the MoD vehicle manually away from the station at Point A.
Vehicle Drop-off Point = User Drop-off Point
Type 2: Two Way Remote Storage Charging Figure 93.
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At the PointA
User A drives a MoD vehicle manually to the station at Point A.
UserVA drops off the MoD vehicle.
User A exits the MoD vehicle and leaves the station.
Figure 94.
The MoD vehicle drives itself autonomously to the vehicle charging location at Point X.
At the Point X
The MoD vehicle arrives at the vehicle charging location at Point X.
The MoD vehicle starts charging at the vehicle charging location.
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At the Point X
The MoD vehicle finishes charging at the vehicle charging location.
The MoD vehicle drives itself autonomously to the station at Point A.
At the Point A
The MoD vehicle arrives at the station at Point A.
User B arrives at the station and chooses a MoD vehicle at the MoD Smart Kiosk.
User B picks up the MoD vehicle.
User B drives the MoD vehicle manually away from the station at Point A.
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At the Point A
User A drives a MoD vehicle manually to the station at Point A.
User A drops off the MoD vehicle.
User A exits the MoD vehicle and leaves the station.
The MoD vehicle drives itself autonomously to the vehicle charging location at Point X.
At the Point X
The MoD vehicle arrives at the vehicle charging location at Point X.
The MoD vehicle starts charging at the vehicle charging location.
Vehicle Drop-off Point = User Drop-off Point
Type 3: One Way Remote Storage Charging
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At the Point X
The MoD vehicle finishes charging at the vehicle charging location.
The MoD vehicle drives itself autonomously to the station at Point B.
At the Point B
The MoD vehicle arrives at the station at Point B.
User B arrives at the station and chooses a MoD vehicle at the MoD Smart Kiosk.
User B picks up the MoD vehicle.
User B drives the MoD vehicle manually away from the station at Point A.
Vehicle Drop-off Point # User Drop-off Point
Type 4: Local Storage Charging
AI Local Storage
Figure 101.
A
Vehicle User Enter Phase I Storage Phase / Exit Phase Vehicle Vehicle
Drop- Drop- Pick- Take-
off off up off
Point Point Point Point
Vehicle
Take-off Point
User Drop-off Point /
Exit Phase / Storage Phase / Enter Phase /
Vehicle Pick-up Point
Vehicle
Drop-off Point
Figure 102.
At the Point X
User A drives a MoD Vehicle manually to the station at Point X.
User A stops at the station and drops off the MoD vehicle.
User A passes the control of the MoD vehicle to the MoD system.
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At the Point X
The MoD vehicle drives itself autonomously to the vehicle charging location at Point A.
At the Point A
The MoD vehicle arrives at the vehicle charging location at Point A.
User A exits the MoD vehicle and leaves the station.
The MoD vehicle starts charging at the station.
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At the Point A
The MoD vehicle finishes charging at the station.
User B arrives at the station and chooses a MoD vehicle at the MoD Smart Kiosk.
User B picks up and enters the MoD vehicle.
The MoD vehicle drives itself autonomously to the station at Point Y.
At the Point Y
The MoD vehicle arrives at the station at Point Y.
The MoD vehicle stops at the station.
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At the Point Y
User B takes over the control of the MoD vehicle.
User B drives the MoD vehicle manually away from the station at Point Y.
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At the Point X
User A drives a MoD vehicle manually to the station at Point X.
User A stops at the station and drops off the MoD vehicle.
User A passes the control of the MoD vehicle to the MoD system.
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At the Point X
The MoD vehicle drives itself autonomously to the vehicle charging location at Point A.
At the Point A
The MoD vehicle arrives at the vehicle charging location at Point A.
User A exits the MoD vehicle and leaves the station.
The MoD vehicle drives itself autonomously to the vehicle charging location at Point Y.
At the Point Y
The MoD vehicle arrives at the vehicle
charging location at Point Y.
The MoD vehicle starts charging at the ve-
hicle charging location.
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At the Point Y
The MoD vehicle finishes charging at the vehicle charging location.
The MoD vehicle drives itself autonomously to the station at Point A.
At the Point A
The MoD vehicle arrives at the station at Point A.
User B arrives at the station and chooses a MoD vehicle at the MoD Smart Kiosk.
User B picks up and enters the MoD vehicle.
The MoD vehicle drives itself autonomously to the station at Point Z.
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At the Point Z
The MoD vehicle arrives at the station at
Point Z.
The MoD vehicle stops at the station.
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At the Point Z
User B takes over the control of the MoD vehicle.
User B drives the MoD vehicle manually away from the station at Point Z.
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At the Point X
User A drives a MoD vehicle manually to the station at Point X.
User A stops at the station and drops off the MoD vehicle.
User A passes the control of the MoD vehicle to the MoD system.
Type 6-1
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At the Point X
The MoD vehicle drives itself autonomously to the vehicle charging location at Point A.
At the Point A
The MoD vehicle arrives at the vehicle charging location at Point A.
User A exits the MoD vehicle and leaves the station.
The MoD vehicle drives itself autonomously to the vehicle charging location at Point Y.
At the Point Y
The MoD vehicle arrives at the vehicle
charging location at Point Y
The MoD vehicle starts charging at the ve-
hicle charging location.
Type 6-2
Vehicle
Drop-off Point
Figure 120.
Vehicle Drop-off Point # User Drop-off Point
Type 6: One Way Remote Storage Charging
I E I F-- Remote Storage Figure 121.
Vehicle User Enter Phase Storage Phase Exit Phase Vehicle ehicle
Drop- Drop- Pick- Take-
off off up off
Point Point Point Point
Y A
Vehicle Vehicle Exit Storage Enter User
Take-off Point Pick-up Point Phase Phase Phase Drop-off Point
At the Point Y
The MoD vehicle finishes charging at the vehicle charging location.
The MoD vehicle drives itself autonomously to the station at Point B.
At the Point B
The MoD vehicle arrives at the station at Point B.
User B arrives at the station and chooses a MoD vehicle at the MoD Smart Kiosk.
User B picks up and enters the MoD vehicle.
The MoD vehicle drives itself autonomously to the station at Point Z.
Figure 122.
At the Point Z
The MoD vehicle arrives at the station at
Point Z.
The MoD vehicle stops at the station.
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At the Point Z
User B takes over the control of the MoD vehicle.
User B drives the MoD vehicle manually away from the station at Point Z.
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4.4 The System Stage: The Spatial Solution for Mobili-
ty-on-Demand Stations in Taipei City
4.4.1 The System Stage: Introduction
The system stage is about handling the MoD vehicles inside the
MoD stations, between the vehicles have been dropped off by
users and until the next users pick them up. After the MoD users
returned their vehicles to a MoD station, these vehicles will need
to be recharged in order to maintain enough power levels for the
next trips. The interface stage illustrates the interaction between
users and the MoD stations. The system stage demonstrates the
interaction between the MoD vehicles and the MoD stations and
its internal working mechanisms with the MoD vehicle. However,
these interactions do not have any human involvement. Because
the vehicles have the autonomous driving ability, the MoD system
can move any vehicle freely without human supervision. The sys-
tem stage describes how the MoD system handles, the arrival,
the charging, and the departing vehicles internally and autono-
mously.
The system stage can be divided into three phases; the enter
phase, the storage phase, and the exit phase. Since the MoD ve-
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hicles have the autonomous driving capability, they will not neces-
sarily stay in the same parking space where the users left them
at, the MoD station will move these vehicles around automatically
based on the their charging levels and the supply and demands
of the vehicles. These three phases are used to describe the MoD
vehicle movement inside a station.
The enter phase means the process from a user entering the MoD
station and he or she leaving MoD vehicles at the available park-
ing spaces to the vehicles reach to their final charging locations.
The storage phase means the locations and process where the
MoD vehicles will stay and begin charging themselves. The exit
phase means the process of MoD vehicles moving out from the
storage phase to locations for next users to pick up. These phases
will be elaborated after two pages.
This chapter use four urban components to define the station spa-
tial layout; they are street, under-street, building, and block. The
system stage provides different enter, storage, and exit phases
user scenarios and station layouts for the Mobility-on-Demand
system in different urban components.
System Interface] PortalPortal Interface
The Four Urban Components Defining the Station Spatial Layout
The system stage can be divided into three phases. Each phase is determining by the movement of the MoD vehicle when it is moving
autonomously inside a MoD station. When a MoD vehicle is autonomously moving toward the charging point, this is the enter phase.
When a MoD vehicle is charging at the charging point, this is the storage phase. When a MoD vehicle is autonomously moving toward
the vehicle pick up point, this is the exit phase. The spatial layout of each phases is determining by the spatial characteristics of the
location where the MoD vehicle is at during that phase. These spatial characteristics can be categorized into four urban components.
Street Level
Street level means, within a
MoD station, the MoD vehicle is
moving, parking, or charging at
the street level. The street level
is an outdoor or semi-outdoor
space. Outdoor means the
road surface and the sidewalk.
Semi-outdoor means the street
arcade or any place is covered
by a roof.
Figure 126.
Building level
Building level means, within the
MoD station, the MoD vehicle
is moving, parking, or charg-
ing inside a building or the level
right beneath it, but not enter-
ing the space under the street.
The building level is mostly an
indoor space, but could be out-
door or semi-outdoor space
too. Indoor means inside the
building. Outdoor means on top
of the building. Semi-outdoor
means on the terrace and cov-
ered by a roof.
Figure 128.
Under-Street level
Under-street level means, with-
in the MoD station, the MoD
vehicle is moving, parking, or
charging at the level right be-
neath the street level, but not
entering the building property
line. The under-street level is
an indoor space.
Figure 127.
Block level
Block level means, within the
MoD station, the MoD vehicle
is moving, parking, or charging
at the level which is under both
the street and building. The
block level is an indoor space.
Figure 129.
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MoD System Spatial Sequence
from Drop-off Point to Pick-up Point
MoD stations can be categorized into two
types. The first type is MoD station on
streets. The second type is MoD station
under a street, inside a building, or beneath
an urban block.
The first type, MoD station on street, is the
most important type, which the thesis in-
tend to discuss. Because the thesis want
to explore, when the city has a MoD sys-
tem, what kind of impact MoD system will
have on urban space. This type, users will
pick up and drop off vehicles on streets.
MoD station will also operate on street lev-
el. Therefore, this type of stations will have
crucial influence on streetscapes.
The second type, MoD station under a
street, inside a building, or beneath an ur-
ban block, will not be so important, regard-
ing its influence on urban environment. Be-
cause MoD station is not locating on street,
in this type, the driving experience will be
very similar to the experience people have
right now. It is just like people drive their
cars inside a shopping mall and park their
cars in the basement. The only difference
is, instead of finding a parking space in the
basement, people find MoD stations. The
only impact this type has on urban envi-
ronment, is the entrance and exit locations.
Because it is the only interface which con-
nects urban environment to indoor space.
Therefore, the thesis will not discuss too
much about this type of station.
The figure on left illustrates the spatial se-
quence of each step, from users drive MoD
vehicles approaching stations, to users
drive MoD vehicles leaving stations. Each
color block and text represents the spatial
characteristics of the MoD vehicle is situ-
ated in during that step. The figure lists all
the possible spatial sequence during this
process.
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The System Types 1, 11, 111
Based on the four urban components and
the sequence of the enter, storage, exit
phases, the system can be divided into
three different types, System Type 1, 11,
and Ill. Each type will have three phases
and each phase will has its vehicle flow
types and station spatial layout type.
Enter Storage Exit
Flow Type I
Drop-off/Pick-up Point spce Type = System Type I
on Streets
(OutdoorlSemi-outdoor) Flow Typ+
Spae ype ~ + + =System Type 11
Drop-offlPick-up Point Flow Type +
in Under-street Builidngs, Blocks Space Type 4 3 + = System Type Ill
Table 1.
4.4.2 The Vehicle Flow Types and Station Spatial Layout Types of the System
The system has three phases; enter phase, storage phase, and exit phase. Any type of the system needs to have these components in
order to make it work. In each phase, the way how vehicle flows in a station and the station spatial layout may be different. Each phase
will have its vehicle flow types and station spatial layout types. The following descriptions are the three different types of vehicle flows
and four different types of spatial layout of the system .
The Flow Type A
The flow type A shows how ve-
hicle flows, when they on the
street level, during the enter,
storage, and exit phases.
Street
The Space Type 1
The space type 1 shows the
system is always operating on
the street level, an outdoor or
semi-outdoor environment,
through the enter, storage to
exit phases.
The Flow Type B
The flow type B shows how
vehicle flows when they are
in the under-street, building,
block levels, during the storage
phase.
The Space Type 2
The space type 2 shows the
system is operating from the
street level to under-street,
building, block levels, from an
outdoor or semi-outdoor envi-
ronment to indoor environment,
during the enter phase to stor-
age phase or the storage phase
to exit phase.
The Flow Type C
The flow type C shows how ve-
hicle flows when they are in the
under-street, building, block
levels, during the enter and exit
phases.
Under-street
Building
Block
The Space Type 3
The space type 3 shows that
the system is operating from
under-street, building, block
levels to other under-street,
building, block levels, from an
indoor environment to another
indoor environment, during the
storage phase.
Under-street
Building
Block
The Space Type 4
The space type 4 shows that
the system is operating from
under-street, building, block
levels to other under-street,
building, block levels, during
the enter phase to storage
phase or the storage phase to
exit phase.
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MoD Vehicle Flow Types during the System Stage
During the system stage, MoD vehicle will drive themselves
autonomously to charging location and recharge themselves.
There are four types of MoD vehicle flow during this stage.
They are autonomous moving, standstill charging, autono-
mous switch charging, and autonomous progressive charg-
ing. These four different vehicle movement and charging
types will have its own strategy to deal with rapid charging
space and standard charging space.
Autonomous Moving
MoD vehicles move autonomously from point A to point B without
charging.
Figure 132.
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Standstill Charging
After MoD vehicles parked in the charging spaces, these vehicles
will remand in the same charging space until power reaches a cer-
tain level. The vehicles will not move around during charging.
Figure 133.
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Autonomous Switching Charging
The system will decide which vehicle to park in the rapid charging
space first, based on power levels of each car. The car has the
lowest power level can use the rapid charging space first. When
the power level of this car reaches a certain level, which is enough
for an average urban trip, the system will switch this vehicle with
another low power level vehicle. The system will constantly switch
vehicles, in order to distribute power evenly among its fleet.
Figure 134.
Autonomous Progressive Charging
A linear charging formation, one MoD vehicle follows another. Ve-
hicles are moving slowly and charging at the same time. Autono-
mous progressive charging does not differentiate power levels of
each car. It charges the MoD vehicle on the first-come first-served
basis. Every vehicle will have a chance to use the rapid charging
space.
Figure 135.
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I System 4.4.4 The Flow-Space Type: A-1 (Enter->Storage->Exit)
= The System Type I
The flow-space type A-1 means the MoD vehicles are moving autono-
mously as the vehicle flow type A within the station spatial layout type
1. The A-1 type is representing three phases, the enter phase, the
storage phase, and the exit phase, of the system stage. It means that
during the enter and the exit phases, the MoD vehicles are moving at
the street level, and during the storage phases, the MoD vehicles is
moving and charging also at the street level. The street level repre-
sents an outdoor or semi-outdoor environment.
The System Type I (Enter/Storage/Exit Phases)
The three phases of the system type I are all the A-1 type. It means
that after the users returned their vehicles at the station on the street,
the vehicles are still moving and charging at the station on the street
before they get pick-up at the station on the street again. This chapter
shows the different variations of the system type I in different urban en-
vironment. They are eight different types of streets in Taipei City, based
on the presence of sidewalk and arcade. The street can also be divided
into main streets and communal streets. Most of the communal streets
in Taipei does not have sidewalk and the widths vary from 4 m to 10 m
wide. The chart on the right covers all the urban component scenarios
in Taipei City, taking into consideration of the four urban components
defining the station spatial layout, the communal and main streets, and
streets with or without sidewalk and arcade. The numbers in the chart
represents the different types of station layouts and user scenarios of
the system type 1, under that particular urban condition. These types
are illustrated in the following pages. Because the street level only
covers the outdoor and semi-outdoor space, the system type I typolo-
gies are only showing under these two categories.
The system type I is a very important typology, because it demon-
strates the possible station layouts in communal street. The communal
streets share 60% of the total street area of Taipei City. Therefore, the
system type I can provide station layout solutions, at least, to 60% of
the streets in Taipei City.
Enter / Storage / Exit Parking Storage Location
Phase Location Outdoor Semi Indoor
1,2,3 4,5,6
4m
Communal
Street
1,2,3 4,5,6
6m
Communal
Street
1,2,3 4,5,6
Street w/o 8m
Arcade w/o Communal
Sidewalk Street
1,2,3 4,5,6
1in
Communal
Street
1,2,7 4,5
Main
Street
8,9,10 11,12,13
6m
Communal
Street
8,9,10 11,12,13
8m
Communal
Street w/o Street
Arcade w
Sidewalk 8,9,10 11,12,13
<1.5m loin
Communal
Street
8,9,14,15 11,12
Main
Street
Enter / Storage / Exit Parking Storage Location
Phase Location Outdoor Semi Indoor
Street w/o 8,9,14,15,16,17
Arcade w Main
Sidewalk Street
1.5m-3.5m
Street w/o 8, 9 , 14, 15, 16, 17
Arcade w Main 18,19
Sidewalk Street
>3.5m
Street w MainArcade w/o StreetSidewalk
Street w 8,9,14,15,16,17
Arcade w Main
Sidewalk Street
<1.5m
Street w 8,9,14,15,16,17
Arcade w Main 18,19
Sidewalk Street
1.5m-3.5m
Street w 8,9,14, 15,16,17
Arcade w Main
Sidewalk Street
>3.5m
Sidewalk in
the middle Main
of different Street
diection
Sidewalk in
the middle Main
of same Street
diection
Table 2. The urban condition categories were
generated from urban interface types in R200
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A-1 Type 1:
Street Types: Communal Main Street
Station Spatial Characteristic: Outdoor Semi-Outdoor .Indoor Storage
Vehicle/User Drop-off Point: Vehicle Drop-off = User Drop-off Vehicle Drop-off User Drop-off Point
Vehicle Driving Mode: Manual! Autonomous Driving
Vehicle Charging Location: Local.- One Way Remote /Two-Way Remote Charging
Vehicle Charging Speed: Standard Rapid Charging
Vehicle Charging Mode: Standstill Autonomous Switching / Autonomous Progressing Charging
Possible Sites:
Street wlo Arcade w/o Sidewalk w/o Arcade w/ Sidewalk <1.5m wlo Arcade wI Sidewalk 1.5-3.5m
4m 6m 8m 10m Main 6m 8m 10m Main
Street w/ Arcade wlo Sidewalk wI Arcade w/ Sidewalk <1.5m w/ Arcade w/ Sidewalk 1.5-3.5m
Sidewalk Divides Two Directions Sidewalk Divides Same Direction
Figure 141.
wo Arcade w/ Sidewalk >3.5m
v/ Arcade w/ Sidewalk >3.5m
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Illustration Site Typology: Street without arcade without sidewalk, 4m communal street
Illustration Site Typology: Street without arcade without sidewalk, 4m communal street
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A-1 Type 2:
Street Types: Communal Main Street
Station Spatial Characteristic: Outdoor Semi-Outdoor Indoor Storage
Vehicle/User Drop-off Point: Vehicle Drop-off = User Drop-off Vehicle Drop-off User Drop-off Point
Vehicle Driving Mode: Manual Autonomous Driving
Vehicle Charging Location: Local One Way Remote Two-Way Remote Charging
Vehicle Charging Speed: Standard Rapid Charging
Vehicle Charging Mode: Standstill Autonomous Switching Autonomous Progressing Charging
Possible Sites:
Street w/o Arcade w/o Sidewalk w/o Arcade w/ Sidewalk <1.5m w/o Arcade w/ Sidewalk 1.5-3.5m
4m 6m 8m 10m Main 6m 8m 10m Main
Street w/ Arcade w/o Sidewalk w/ Arcade w/ Sidewalk <1.5m w/ Arcade w/ Sidewalk 1.5-3.5m
Sidewalk Divides Two Directions Sidewalk Divides Same Direction
Figure 142.
w/o Arcade wl Sidewalk >3.5m
vw Arcade w/ Sidewalk >3.5m
Illustration Site Typology: Street without arcade without sidewalk, 4m communal street
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A-1 Type 3: Figure 143.
Street Types: Communal Main Street
Station Spatial Characteristic: Outdoor Y'Semi-Outdoor "Indoor Storage
Vehicle/User Drop-off Point: Vehicle Drop-off = User Drop-off /Vehicle Drop-off # User Drop-off Point
Vehicle Driving Mode: Manual! Autonomous Driving
Vehicle Charging Location: Local fOne Way Remote./ Two-Way Remote Charging
Vehicle Charging Speed: Standard Rapid Charging
Vehicle Charging Mode: Standstill, Autonomous Switching "'Autonomous Progressing Charging
Possible Sites:
Street w/o Arcade w/o Sidewalk w/o Arcade w/ Sidewalk <1.5m w/o Arcade w/ Sidewalk 1.5-3.5m w/o Arcade w/ Sidewalk >3.5m
4m 6m 8m 10m Main 6m 8m 10m Main
Street wI Arcade w/o Sidewalk w/ Arcade w/ Sidewalk <1.5m w/ Arcade w/ Sidewalk 1.5-3.5m w/ Arcade w/ Sidewalk >3.5m
Sidewalk Divides Two Directions Sidewalk Divides Same Direction
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A-1 Type 4:
Street Types: Communal Main Street
Station Spatial Characteristic: Outdoor Semi-Outdoor Indoor Storage
Vehicle/User Drop-off Point: Vehicle Drop-off = User Drop-off Vehicle Drop-off * User Drop-off Point
Vehicle Driving Mode: Manual Autonomous Driving
Vehicle Charging Location: Local One Way Remote Two-Way Remote Charging
Vehicle Charging Speed: Standard Rapid Charging
Vehicle Charging Mode: Standstill Autonomous Switching Autonomous Progressing Charging
Possible Sites:
Street w/o Arcade w/o Sidewalk w/o Arcade wI Sidewalk <1.5m w/o Arcade w/ Sidewalk 1.5-3.5m
4m 6m 8m 10m Main 6m 8m 10m Main
Street w/ Arcade wlo Sidewalk w/ Arcade w/ Sidewalk <1.5m w/ Arcade w/ Sidewalk 1.5-3.5m
Sidewalk Divides Two Directions Sidewalk Divides Same Direction
Figure 144.
v/o Arcade w/ Sidewalk >3.5m
v/ Arcade w/ Sidewalk >3.5m
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Illustration Site Typology: Street without arcade without sidewalk, 4m communal street
Illustration Site Typology: Street without arcade without sidewalk, 4m communal street
A-1 Type 5:
Street Types: Communal i Main Street
Station Spatial Characteristic: Outdoor iSemi-Outdoor / Indoor Storage
Vehicle/User Drop-off Point: Vehicle Drop-off = User Drop-off .Vehicle Drop-off User Drop-off Point
Vehicle Driving Mode: Manual / Autonomous Driving
Vehicle Charging Location: Local I One Way Remote ' Two-Way Remote Charging
Vehicle Charging Speed: Standard /Rapid Charging
Vehicle Charging Mode: Standstill Autonomous Switching." Autonomous Progressing Charging
Possible Sites:
Street w/o Arcade w/o Sidewalk w/o Arcade w/ Sidewalk <1.5m w/o Arcade w/ Sidewalk 1.5-3.5m
4m 6m 8m 10m Main 6m 8m 10m Main
Street w/ Arcade w/o Sidewalk w/ Arcade w/ Sidewalk <1.5m w/ Arcade w/ Sidewalk 1.5-3.5m
Sidewalk Divides Two Directions Sidewalk Divides Same Direction
Figure 145.
w/o Arcade w/ Sidewalk >3.5m
vw Arcade w/ Sidewalk >3.5m
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A-1 Type 6:
Street Types: Communal Main Street
Station Spatial Characteristic: Outdoor Semi-Outdoor Indoor Storage
Vehicle/User Drop-off Point: Vehicle Drop-off = User Drop-off Vehicle Drop-off * User Drop-off Point
Vehicle Driving Mode: Manual Autonomous Driving
Vehicle Charging Location: Local One Way Remote Two-Way Remote Charging
Vehicle Charging Speed: Standard Rapid Charging
Vehicle Charging Mode: Standstill Autonomous Switching Autonomous Progressing Charging
Possible Sites:
Street wlo Arcade wlo Sidewalk wlo Arcade w/ Sidewalk <1.5m wlo Arcade w/ Sidewalk 1.5-3.5m w
4m 6m 8m 10m Main 6m 8m 10m Main
Street w/ Arcade wlo Sidewalk w/ Arcade w/ Sidewalk <1.5m w/ Arcade w/ Sidewalk 1.5-3.5m w
Sidewalk Divides Two Directions Sidewalk Divides Same Direction
Figure 146.
w/o Arcade w/ Sidewalk >3.5m
v/ Arcade w/ Sidewalk >3.5m
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Illustration Site Typology: Street without arcade without sidewalk, 12m main street
A-1 Type 7: Figure 147.
Street Types: Communal I Main Street
Station Spatial Characteristic: Outdoor ISemi-Outdoor Indoor Storage
Vehicle/User Drop-off Point: Vehicle Drop-off = User Drop-off Vehicle Drop-off # User Drop-off Point
Vehicle Driving Mode: Manuall' Autonomous Driving
Vehicle Charging Location: Local One Way Remote! Two-Way Remote Charging
Vehicle Charging Speed: Standard! Rapid Charging
Vehicle Charging Mode: Standstill," Autonomous Switching "Autonomous Progressing Charging
Possible Sites:
Street w/o Arcade w/o Sidewalk w/o Arcade w/ Sidewalk <1.5m w/o Arcade w/ Sidewalk 1.5-3.5m w/o Arcade w/ Sidewalk >3.5m
4m 6m 8m 10m Main - 6m 8m 10m Main
Street w/ Arcade w/o Sidewalk w/ Arcade w/ Sidewalk <1.5m w/ Arcade w/ Sidewalk 1.5-3.5m w/ Arcade w/ Sidewalk >3.5m
Sidewalk Divides Two Directions Sidewalk Divides Same Direction
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A-1 Type 8:
Street Types: Communal Main Street
Station Spatial Characteristic: Outdoor Semi-Outdoor Indoor Storage
Vehicle/User Drop-off Point: Vehicle Drop-off = User Drop-off Vehicle Drop-off # User Drop-off Point
Vehicle Driving Mode: Manual Autonomous Driving
Vehicle Charging Location: Local One Way Remote Two-Way Remote Charging
Vehicle Charging Speed: Standard Rapid Charging
Vehicle Charging Mode: Standstill Autonomous Switching Autonomous Progressing Charging
Possible Sites:
Street wlo Arcade w/o Sidewalk w/o Arcade w/ Sidewalk <1.5m w/o Arcade w/ Sidewalk 1.5-3.5m
4m 6m 8m 10m Main 6m 8m 10m Main
Street wI Arcade wlo Sidewalk w/ Arcade wI Sidewalk <1.5m w/ Arcade w/ Sidewalk 1.5-3.5m
Sidewalk Divides Two Directions Sidewalk Divides Same Direction
Figure 148.
v/o Arcade w/ Sidewalk >3.5m
v/ Arcade w/ Sidewalk >3.5m
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Illustration Site Typology: Street without arcade with sidewalk < 1.5M, 6m communal street
A-1 Type 9:
Street Types: Communal f Main Street
Station Spatial Characteristic: Outdoor Semi-Outdoor /Indoor Storage
Vehicle/User Drop-off Point: Vehicle Drop-off = User Drop-off 'Vehicle Drop-off User Drop-off Point
Vehicle Driving Mode: Manual .,Autonomous Driving
Vehicle Charging Location: Local One Way Remote Two-Way Remote Charging
Vehicle Charging Speed: Standard'! Rapid Charging
Vehicle Charging Mode: Standstill /Autonomous Switching !Autonomous Progressing Charging
Possible Sites:
Street w/o Arcade w/o Sidewalk w/o Arcade w/ Sidewalk <1.5m w/o Arcade w/ Sidewalk 1.5-3.5m
4m 6m 8m 10m Main 6m 8m 10m Main
Street w/ Arcade w/o Sidewalk w/ Arcade w/ Sidewalk <1.5m w/ Arcade w/ Sidewalk 1.5-3.5m
Sidewalk Divides Two Directions Sidewalk Divides Same Direction
Figure 149.
wo Arcade wI Sidewalk >3.5m
vw Arcade w/ Sidewalk >3.5m
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Illustration Site Typology: Street without arcade with sidewalk < 1.5M, 6m communal street
Illustration Site Typology: Street without arcade with sidewalk < 1.5M, 6m communa street
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A-1 Type 10:
Street Types: Communal Main Street
Station Spatial Characteristic: Outdoor Semi-Outdoor Indoor Storage
Vehicle/User Drop-off Point: Vehicle Drop-off = User Drop-off Vehicle Drop-off * User Drop-off Point
Vehicle Driving Mode: Manual Autonomous Driving
Vehicle Charging Location: Local One Way Remote Two-Way Remote Charging
Vehicle Charging Speed: Standard Rapid Charging
Vehicle Charging Mode: Standstill Autonomous Switching Autonomous Progressing Charging
Possible Sites:
Street wlo Arcade wlo Sidewalk wlo Arcade w/ Sidewalk <1.5m wlo Arcade w/ Sidewalk 1.5-3.5m
4m 6m 8m 10m Main 6m 8m 10m Main
Street w/ Arcade wlo Sidewalk w/ Arcade wI Sidewalk <1.5m wI Arcade w/ Sidewalk 1.5-3.5m
Sidewalk Divides Two Directions Sidewalk Divides Same Direction
Figure 150.
wIo Arcade w/ Sidewalk >3.5m
w/ Arcade wI Sidewalk >3.5m
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Illustration Site Typology: Street without arcade with sidewalk < 1.5M, 6m communal street
A-1 Type 11:
Street Types: Communal / Main Street
Station Spatial Characteristic: Outdoor Semi-Outdoor !Indoor Storage
Vehicle/User Drop-off Point: Vehicle Drop-off = User Drop-off /Vehicle Drop-off # User Drop-off Point
Vehicle Driving Mode: Manual fAutonomous Driving
Vehicle Charging Location: Local/ One Way Remote! Two-Way Remote Charging
Vehicle Charging Speed: Standard f"Rapid Charging
Vehicle Charging Mode: Standstill Autonomous Switching iAutonomous Progressing Charging
Possible Sites:
Street w/o Arcade w/o Sidewalk w/o Arcade w/ Sidewalk <1.5m w/o Arcade w/ Sidewalk 1.5-3.5m
4m 6m 8m 10m Main 6m 8m 10m Main
Street w/ Arcade wlo Sidewalk w/ Arcade w/ Sidewalk <1.5m w/ Arcade w/ Sidewalk 1.5-3.5m
Sidewalk Divides Two Directions Sidewalk Divides Same Direction
Figure 151.
v/o Arcade w/ Sidewalk >3.5m
v/ Arcade w/ Sidewalk >3.5m
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A-1 Type 12:
Street Types: Communal Main Street
Station Spatial Characteristic: Outdoor Semi-Outdoor Indoor Storage
Vehicle/User Drop-off Point: Vehicle Drop-off = User Drop-off Vehicle Drop-off * User Drop-off Point
Vehicle Driving Mode: Manual Autonomous Driving
Vehicle Charging Location: Local One Way Remote Two-Way Remote Charging
Vehicle Charging Speed: Standard Rapid Charging
Vehicle Charging Mode: Standstill Autonomous Switching Autonomous Progressing Charging
Possible Sites:
Street wlo Arcade w/o Sidewalk wlo Arcade w/ Sidewalk <1.5m wlo Arcade w/ Sidewalk 1.5-3.5m
4m 6m 8m 10m Main 6m 8m 10m Main
Street w/ Arcade w/o Sidewalk w/ Arcade w/ Sidewalk <1.5m w/ Arcade w/ Sidewalk 1.5-3.5m
Sidewalk Divides Two Directions Sidewalk Divides Same Direction
Figure 152.
vio Arcade wI Sidewalk >3.5m
wI Arcade w/ Sidewalk >3.5m
Ililustration Site Typology: Street without arcade with sidewalk < 1.5M, 6m communal street
-----------
Illustration Site Typology: Street without arcade with sidewalk < 1.5M, 6m communal street
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A-1 Type 13: Figure 153.
Street Types: Communal Main Street
Station Spatial Characteristic: Outdoor I Semi-Outdoorl Indoor Storage
Vehicle/User Drop-off Point: Vehicle Drop-off = User Drop-off "Vehicle Drop-off # User Drop-off Point
Vehicle Driving Mode: Manualf Autonomous Driving
Vehicle Charging Location: Local.' One Way Remote ,Two-Way Remote Charging
Vehicle Charging Speed: Standard /Rapid Charging
Vehicle Charging Mode: Standstill/ Autonomous Switching iAutonomous Progressing Charging
Possible Sites:
Street w/o Arcade w/o Sidewalk w/o Arcade w/ Sidewalk <1.5m wlo Arcade w/ Sidewalk 1.5-3.5m w/o Arcade w/ Sidewalk >3.5m
4m 6m 8m 10m Main 6m 8m 10m Main
Street w/ Arcade w/o Sidewalk w/ Arcade w/ Sidewalk <1.5m w/ Arcade w/ Sidewalk 1.5-3.5m w/ Arcade w/ Sidewalk >3.5m
Sidewalk Divides Two Directions Sidewalk Divides Same Direction
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Illustration Site Typology: Street without arcade with sidewalk < 1.5m, 12m main street 1.2 2A 4.81 1 I
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A-1 Type 14:
Street Types: Communal Main Street
Station Spatial Characteristic: Outdoor Semi-Outdoor Indoor Storage
Vehicle/User Drop-off Point: Vehicle Drop-off = User Drop-off Vehicle Drop-off * User Drop-off Point
Vehicle Driving Mode: Manual Autonomous Driving
Vehicle Charging Location: Local One Way Remote Two-Way Remote Charging
Vehicle Charging Speed: Standard Rapid Charging
Vehicle Charging Mode: Standstill Autonomous Switching Autonomous Progressing Charging
Possible Sites:
Street wlo Arcade w/o Sidewalk wlo Arcade w/ Sidewalk <1.5m wlo Arcade wI Sidewalk 1.5-3.5m
4m 6m 8m 10m Main 6m 8m 10m Main
Street w/ Arcade wlo Sidewalk w/ Arcade w/ Sidewalk <1.5m w/ Arcade wI Sidewalk 1.5-3.5m
Sidewalk Divides Two Directions Sidewalk Divides Same Direction
Figure 154.
vlo Arcade w/ Sidewalk >3.5m
v/ Arcade wI Sidewalk >3.5m
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Illustration Site Typology: Street without arcade with sidewalk < 1.5m, 12m main street 1.2 2. 4
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A-1 Type 15:
Street Types: Communal Main Street
Station Spatial Characteristic: Outdoor I Semi-Outdoor Indoor Storage
Vehicle/User Drop-off Point: Vehicle Drop-off = User Drop-off Vehicle Drop-off # User Drop-off P
Vehicle Driving Mode: Manual "Autonomous Driving
Vehicle Charging Location: Local ' One Way Remote i Two-Way Remote Charging
Vehicle Charging Speed: Standard /Rapid Charging
Vehicle Charging Mode: Standstill f Autonomous Switching ?Autonomous Progressing Charging
Possible Sites:
Street w/o Arcade w/o Sidewalk w/o Arcade w/ Sidewalk <1.5m w/o Arcade w/ Sidewalk 1.5-3.5
4m 6m 8m 10m Main 6m 8m 10m Main
Street wI Arcade w/o Sidewalk w/ Arcade w/ Sidewalk <1.5m w/ Arcade w/ Sidewalk 1.5-3.5m
Sidewalk Divides Two Directions Sidewalk Divides Same Direction
Figure 155.
oint
n w/o Arcade w/ Sidewalk >3.5m
w/ Arcade w/ Sidewalk >3.5m
124
p11111
T1 I I
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A-1 Type 16:
Street Types: Communal Main Street
Station Spatial Characteristic: Outdoor Semi-Outdoor Indoor Storage
Vehicle/User Drop-off Point: Vehicle Drop-off = User Drop-off Vehicle Drop-off # User Drop-off Point
Vehicle Driving Mode: Manual Autonomous Driving
Vehicle Charging Location: Local One Way Remote Two-Way Remote Charging
Vehicle Charging Speed: Standard Rapid Charging
Vehicle Charging Mode: Standstill Autonomous Switching Autonomous Progressing Charging
Possible Sites:
Street w/o Arcade wlo Sidewalk w/o Arcade w/ Sidewalk <1.5m w/o Arcade w/ Sidewalk 1.5-3.5m
4m 6m 8m 10m Main 6m 8m 10m Main
Street w/ Arcade w/o Sidewalk w/ Arcade w/ Sidewalk <1.5m w/ Arcade w/ Sidewalk 1.5-3.5m
Sidewalk Divides Two Directions Sidewalk Divides Same Direction
Figure 156.
vlo Arcade w/ Sidewalk >3.5m
vw Arcade w/ Sidewalk >3.5m
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IIlu n Site Typology: Street without arcade with sidewalk 1.5-3.5m, 12m main street
H
41-1
A-1 Type 17:
Street Types: Communal Main Street
Station Spatial Characteristic: Outdoor, Semi-Outdoor Indoor Storage
Vehicle/User Drop-off Point: Vehicle Drop-off = User Drop-off iVehicle Drop-off * User Drop-off Point
Vehicle Driving Mode: Manual FlAutonomous Driving
Vehicle Charging Location: Local JOne Way Remote I Two-Way Remote Charging
Vehicle Charging Speed: Standardf Rapid Charging
Vehicle Charging Mode: Standstill . Autonomous Switching Autonomous Progressing Charging
Possible Sites:
Street w/o Arcade w/o Sidewalk w/o Arcade w/ Sidewalk <1.5m w/o Arcade w/ Sidewalk 1.5-3.5m
4m 6m 8m 10m Main 6m 8m 10m Main
Street w/ Arcade w/o Sidewalk w/ Arcade w/ Sidewalk <1.5m w/ Arcade w/ Sidewalk 1.5-3.5m
Sidewalk Divides Two Directions Sidewalk Divides Same Direction
Figure 157.
w/o Arcade w/ Sidewalk >3.5m
w/ Arcade w/ Sidewalk >3.5m
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Illustration Site Typology: Street without arcade with sidewalk >3.5m, 18m main street
If
A-1 Type 18: Figure 158.
Street Types: Communal Main Street
Station Spatial Characteristic: Outdoor Semi-Outdoor Indoor Storage
Vehicle/User Drop-off Point: Vehicle Drop-off = User Drop-off Vehicle Drop-off * User Drop-off Point
Vehicle Driving Mode: Manual Autonomous Driving
Vehicle Charging Location: Local One Way Remote Two-Way Remote Charging
Vehicle Charging Speed: Standard Rapid Charging
Vehicle Charging Mode: Standstill Autonomous Switching Autonomous Progressing Charging
Possible Sites:
Street w/o Arcade wlo Sidewalk w/o Arcade w/ Sidewalk <1.5m wlo Arcade w/ Sidewalk 1.5-3.5m wlo Arcade w/ Sidewalk >3.5m
4m 6m 8m 10m Main 6m 8m 10m Main
Street w/ Arcade wlo Sidewalk w/ Arcade wI Sidewalk <1.5m w/ Arcade w/ Sidewalk 1.5-3.5m w/ Arcade w/ Sidewalk >3.5m
Sidewalk Divides Two Directions Sidewalk Divides Same Direction
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Illustration Site Typology- Street without arcade with sidewalk >3.5m, 12m main street
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A-1 Type 19:
Street Types: Communal !Main Street
Station Spatial Characteristic: Outdoor "Semi-Outdoor Indoor Storage
Vehicle/User Drop-off Point: Vehicle Drop-off = User Drop-off "Vehicle Drop-off * User Drop-off P
Vehicle Driving Mode: Manual "Autonomous Driving
Vehicle Charging Location: Local,, One Way Remotel Two-Way Remote Charging
Vehicle Charging Speed: Standard ""Rapid Charging
Vehicle Charging Mode: Standstill?' Autonomous Switching I Autonomous Progressing Charging
Possible Sites:
Street w/o Arcade w/o Sidewalk w/o Arcade w/ Sidewalk <1.5m w/o Arcade w/ Sidewalk 1.5-3.5
4m 6m 8m 10m Main 6m 8m 10m Main
Street w/ Arcade w/o Sidewalk w/ Arcade w/ Sidewalk <1.5m w/ Arcade w/ Sidewalk 1.5-3.5m
Sidewalk Divides Two Directions Sidewalk Divides Same Direction
Figure 159.
oint
n w/o Arcade w/ Sidewalk >3.5m
w/ Arcade w/ Sidewalk >3.5m
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The System Type II (Enter/Exit Phases)
The enter phase and the exit phase, which the A-2 type is rep-
resenting, are the enter phase and the exit phase of the system
type 11. It means that after the users returned their vehicles at
the station on the street, the vehicles will drive themselves au-
tonomously to the charging locations, which are located in either
under-street, building, or block levels, most of these levels are
indoor environment. Or after the MoD vehicles finished charg-
ing, the vehicles will drive themselves autonomously to the MOD
station on the street level for the next users to pick up. The chart
on the right covers all the urban conditions in Taipei City. The
numbers in the chart represents the different station layouts and
user scenarios of the system type 11, during the enter phase and
the exit phase, in that particular urban condition. These types
are illustrated in the following pages. The A-2 type typologies are
only showing under the indoor category, because the vehicles
are either going to an indoor space or coming from an indoor
space.
Block > ~ Building> Blc
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4.4.5 The Flow-Space Type: A-2
(Enter->Storage, Storage->Exit)
The flow-space type A-2 means the MoD vehicles are moving
autonomously as the vehicle flow type A within the station spa-
tial layout type 2. The A-2 type is representing two phases, the
enter phase and the exit phase, of the system stage. The A-2
type suggests that during the enter phase, the MoD vehicles
are moving from the street level to other levels, such as under-
street level, building level, and block level; and during the exit
phase, the MoD vehicles are moving out from these three levels
to street level. The A-2 type represents the MoD vehicles are
moving from an outdoor or semi-outdoor environment to an in-
door environment or vice versa.
Street
Street(reet
1 7Street
Enter / Exit Phase Parking Storage Location
Location Outdoor Semi Indoor
4m
Communal
Street
1,2,3,4
6m
Communal
Street
1,2,3,4
Street w/o 8m
Arcade w/o Communal
Sidewalk Street
1,2,3,4
10m
Communal
Street
1,2,3,4
Main
Street
5,6,7,8
6m
Communal
Street
5,6,7,8
8m
Communal
Street w/o Street
Arcade w
Sidewalk 5,6,7,8
<1.5m 10m
Communal
Street
5,6,7,8
Main
Street
Enter / Exit Phase Parking Storage Location
Location Outdoor Semi Indoor
Street w/o 5,6,7,8
Arcade w Main
Sidewalk Street
1.5m-3.5m
Street w/o 5,6,7,8
Arcade w Main
Sidewalk Street
>3.5mn
Street w Main
Arcade w/o StreetSidewalk
Street w 5,6,7,8
Arcade w Main
Sidewalk Street
<1.5m
Street w
Arcade w Main
Sidewalk Street
1.5m-3.5m
Street w 5,6,7,8
Arcade w Main
Sidewalk Street
>3.5m
Sidewalk in
the middle Main
of different Street
diection
Sidewalk in
the middle Main
of same Street
diection
Table 3.
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llustration Site Typology: Street without arcade without sidewalk, 6m communal street
A-2 Type 1:
Street Types: Communal 1 Main Street
Station Spatial Characteristic: Outdoor iSemi-Outdoort' Indoor Storage
Vehicle/User Drop-off Point: Vehicle Drop-off = User Drop-off /Vehicle Drop-off # User Drop-off Point
Vehicle Driving Mode: Manual !Autonomous Driving
Vehicle Charging Location: Local One Way Remote! Two-Way Remote Charging
Vehicle Charging Speed: Standard' /Rapid Charging
Vehicle Charging Mode: Standstill f'Autonomous Switching iAutonomous Progressing Charging
Possible Sites:
Street w/o Arcade w/o Sidewalk w/o Arcade w/ Sidewalk <1.5m w/o Arcade w/ Sidewalk 1.5-3.5m
4m 6m 8m 10m Main 6m 8m 10m Main
Street w/ Arcade w/o Sidewalk w/ Arcade w/ Sidewalk <1.5m w/ Arcade w/ Sidewalk 1.5-3.5m
Sidewalk Divides Two Directions Sidewalk Divides Same Direction
Figure 162.
w/,o Arcade w/ Sidewalk >3.5m
v Arcade w/ Sidewalk >3.5m
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A-2 Type 2: Figure 163.
Street Types: Communal Main Street
Station Spatial Characteristic: Outdoor Semi-Outdoor Indoor Storage
Vehicle/User Drop-off Point: Vehicle Drop-off = User Drop-off Vehicle Drop-off * User Drop-off Point
Vehicle Driving Mode: Manual Autonomous Driving
Vehicle Charging Location: Local One Way Remote Two-Way Remote Charging
Vehicle Charging Speed: Standard Rapid Charging
Vehicle Charging Mode: Standstill Autonomous Switching Autonomous Progressing Charging
Possible Sites:
Street w/o Arcade wlo Sidewalk w/o Arcade w/ Sidewalk <1.5m w/o Arcade w/ Sidewalk 1.5-3.5m w/o Arcade w/ Sidewalk >3.5m
4m 6m 8m 10m Main 6m 8m 10m Main
Street w/ Arcade wlo Sidewalk w/ Arcade w/ Sidewalk <1.5m w/ Arcade w/ Sidewalk 1.5-3.5m w/ Arcade w/ Sidewalk >3.5m
Sidewalk Divides Two Directions Sidewalk Divides Same Direction
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Illustration Site Typology: Street without arcade without sidewalk, 6m communal street
a]
A-2 Type 3:
Street Types: Communal Main Street
Station Spatial Characteristic: Outdoor !Semi-Outdoor /Indoor Storage
Vehicle/User Drop-off Point: Vehicle Drop-off = User Drop-off Vehicle Drop-off # User Drop-off Point
Vehicle Driving Mode: Manual /Autonomous Driving
Vehicle Charging Location: Local One Way Remote '"Two-Way Remote Charging
Vehicle Charging Speed: Standard /Rapid Charging
Vehicle Charging Mode: Standstill/ Autonomous Switching/ Autonomous Progressing Charging
Possible Sites:
Street w/o Arcade w/o Sidewalk w/o Arcade w/ Sidewalk <1.5m w/o Arcade w/ Sidewalk 1.5-3.5m
4m 6m 8m 10m Main 6m 8m 10m Main
Street w/ Arcade w/o Sidewalk w/ Arcade w/ Sidewalk <1.5m w/ Arcade w/ Sidewalk 1.5-3.5m
Sidewalk Divides Two Directions Sidewalk Divides Same Direction
Figure 164.
w/o Arcade w/ Sidewalk >3.5m
v/ Arcade w/ Sidewalk >3.5m
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Ililustration Site Typology: Street without arcade without sidewalk, 6m communal street
Illustration Site Typology: Street without arcade without sidewalk, 6m communal street
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A-2 Type 4:
Street Types: Communal Main Street
Station Spatial Characteristic: Outdoor Semi-Outdoor Indoor Storage
Vehicle/User Drop-off Point: Vehicle Drop-off = User Drop-off Vehicle Drop-off * User Drop-off Point
Vehicle Driving Mode: Manual Autonomous Driving
Vehicle Charging Location: Local One Way Remote Two-Way Remote Charging
Vehicle Charging Speed: Standard Rapid Charging
Vehicle Charging Mode: Standstill Autonomous Switching Autonomous Progressing Charging
Possible Sites:
Street w/o Arcade w/o Sidewalk w/o Arcade w/ Sidewalk <1.5m wlo Arcade wI Sidewalk 1.5-3.5m
4m 6m 8m 10m Main 6m 8m 10m Main
Street w/ Arcade w/o Sidewalk w/ Arcade wI Sidewalk <1.5m w/ Arcade wI Sidewalk 1.5~3.5m
Sidewalk Divides Two Directions Sidewalk Divides Same Direction
Figure 165.
v/o Arcade w/ Sidewalk >3.5m
vi Arcade w/ Sidewalk >3.5m
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Illustration Site Typology: Street without arcade with sidewalk, 6m communal street
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A-2 Type 5:
Street Types: Communal 1 Main Street
Station Spatial Characteristic: Outdoor / Semi-Outdoor Indoor Storage
Vehicle/User Drop-off Point: Vehicle Drop-off = User Drop-off /Vehicle Drop-off # User Drop-off Point
Vehicle Driving Mode: Manual /Autonomous Driving
Vehicle Charging Location: Local I One Way Remote /Two-Way Remote Charging
Vehicle Charging Speed: Standard /Rapid Charging
Vehicle Charging Mode: Standstilli Autonomous Switching 1Autonomous Progressing Charging
Possible Sites:
Street w/o Arcade w/o Sidewalk w/o Arcade w/ Sidewalk <1.5m w/o Arcade w/ Sidewalk 1.5-3.5m
4m 6m 8m 10m Main 6m 8m 10m Main
Street w/ Arcade w/o Sidewalk w/ Arcade w/ Sidewalk <1.5m w/ Arcade w/ Sidewalk 1.5-3.5m
Sidewalk Divides Two Directions Sidewalk Divides Same Direction
Figure 166.
wo Arcade w/ Sidewalk >3.5m
v/ Arcade w/ Sidewalk >3.5m
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Illustration Site Typology: Street without arcade with sidewalk, 6m communal street
A-2 Type 6:
Street Types: Communal Main Street
Station Spatial Characteristic: Outdoor Semi-Outdoor Indoor Storage
Vehicle/User Drop-off Point: Vehicle Drop-off = User Drop-off Vehicle Drop-off # User Drop-off Point
Vehicle Driving Mode: Manual Autonomous Driving
Vehicle Charging Location: Local One Way Remote Two-Way Remote Charging
Vehicle Charging Speed: Standard Rapid Charging
Vehicle Charging Mode: Standstill Autonomous Switching Autonomous Progressing Charging
Possible Sites:
Street w/o Arcade w/o Sidewalk w/o Arcade w/ Sidewalk <1.5m w/o Arcade w/ Sidewalk 1.5-3.5m
4m 6m 8m 10m Main 6m 8m 10m Main
Street w/ Arcade w/o Sidewalk w/ Arcade w/ Sidewalk <1.5m w/ Arcade w/ Sidewalk 1.5-3.5m
Sidewalk Divides Two Directions Sidewalk Divides Same Direction
Figure 167.
Nwo Arcade w/ Sidewalk >3.5m
NI Arcade w/ Sidewalk >3.5m
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Illustration Site Typology: Street without arcade without sidewalk, 6m communal street
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A-2 Type 7:
Street Types: Communal Main Street
Station Spatial Characteristic: Outdoor /Semi-Outdoor / Indoor Storage
Vehicle/User Drop-off Point: Vehicle Drop-off = User Drop-off /Vehicle Drop-off * User Drop-off Point
Vehicle Driving Mode: Manual i Autonomous Driving
Vehicle Charging Location: Local One Way Remote! Two-Way Remote Charging
Vehicle Charging Speed: Standard f Rapid Charging
Vehicle Charging Mode: Standstill Autonomous Switching Autonomous Progressing Charging
Possible Sites:
Street w/o Arcade w/o Sidewalk w/o Arcade w/ Sidewalk <1.5m w/o Arcade w/ Sidewalk 1.5-3.5m
4m 6m 8m 10m Main 6m 8m 10m Main
Street w/ Arcade w/o Sidewalk w/ Arcade w/ Sidewalk <1.5m w/ Arcade w/ Sidewalk 1.5-3.5m
Sidewalk Divides Two Directions Sidewalk Divides Same Direction
Figure 168.
wlo Arcade w/ Sidewalk >3.5m
w/ Arcade w/ Sidewalk >3.5m
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A-2 Type 8:
Street Types: Communal Main Street
Station Spatial Characteristic: Outdoor Semi-Outdoor Indoor Storage
Vehicle/User Drop-off Point: Vehicle Drop-off = User Drop-off Vehicle Drop-off * User Drop-off Point
Vehicle Driving Mode: Manual Autonomous Driving
Vehicle Charging Location: Local One Way Remote Two-Way Remote Charging
Vehicle Charging Speed: Standard Rapid Charging
Vehicle Charging Mode: Standstill Autonomous Switching Autonomous Progressing Charging
Possible Sites:
Street wlo Arcade w/o Sidewalk wlo Arcade w/ Sidewalk <1.5m wlo Arcade w/ Sidewalk 1.5-3.5m
4m 6m 8m 10m Main 6m 8m 10m Main
Street w/ Arcade wlo Sidewalk w/ Arcade wI Sidewalk <1.5m w/ Arcade w/ Sidewalk 1.5-3.5m
Sidewalk Divides Two Directions Sidewalk Divides Same Direction
Figure 169.
vo Arcade w/ Sidewalk >3.5m
v/ Arcade w/ Sidewalk >3.5m
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Ililustration Site Typology: Street without arcade without sidewalk, 6m communal street
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4.4.6 The Flow-Space Type: B-3 (->Storage->)
The flow-space type B-3 means the MoD vehicles are moving au-
tonomously as the vehicle flow type B within the station spatial
layout type 3. The B-3 type is representing the storage phase of
the system stage. The B-3 type suggests that during the storage
phase, the MoD vehicles are moving from any of the four levels, to
under-street level, building level, and block level to charge them-
selves. The B-3 type represents the MoD vehicles are moving from
an outdoor, semi-outdoor, and indoor environment to an indoor en-
vironment and stay there for charging and parking.
The System Type I and Ill (Storage Phase)
The storage phase, which the B-3 type is representing, is the stor-
age phase of the system type II and Ill. It means that after the users
returned their vehicles at the station on the street or under a street,
inside a building or at a urban block, the vehicles will drive them-
selves autonomously to the charging locations, which are located in
either under-street, building, or block levels and most of these lev-
els are indoor environment, for charging and parking. The chart on
the right is a different than the previous two charts in A-1 type and
A-2 type. The configuration of a street has limited variables, such
as the width of a street and a sidewalk, with or without a sidewalk
or an arcade, a main street or a communal street, etc. Therefore,
it is possible to list out most of these urban condition scenarios
in a chart. However, the configuration of an indoor space such as
the space inside a building, under a street, or under a street block,
has thousands of variables and results in thousands of variations.
These variations can all be considered as the station spatial layout
type 3. It is impossible to list every one of them. Instead of listing
out all the possible spatial layout typologies of the storage phase of
the system type 11 and Ill, the thesis is showing the possible vehicle
flow type B scenarios in the possible station spatial layout type 3.
Therefore, in the chapter 3.5.6, the vehicle flow type B and the sta-
tion spatial layout type 3 are presenting together. The flow type B is
demonstrating by using the space type 3.
lillls ilillilB Udrset
Building
Block Bl(
The Flow Type B
and the Space Type 3
In the B-3 type, there are
27 different types of vehicle
flows. During the storage
phase, the MoD vehicles are
coming from one place for
charging and going to anoth-
er place after finished charg-
ing or when they are needed,
there are three type of vehicle
flows in each the enter phase
and the exit phase. The stor-
age phase has four type
of vehicle flows, including
the standstill charging type.
Therefore, the total combina-
tion of the vehicle flows in B-3
type are 27 different types of
vehicle flows. Some of these
types are illustrated with the
possible station spatial layout
type 3 in the following pages.
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B-3 Type 1: Charging in Building Level
Autonomous Autonomous Autonomous
Moving Switching Moving
Charging
Figure 171.
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B-3 Type 3: Charging in Under-street Level
Autonomous Autonomous Autonomous
Moving Switching Progressive
Charging Charging
Figure 172.
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B-3 Type 7: Charging in Building Level
k ............ *................... 110
Autonomous Autonomous Autonomous
Moving Progressive Moving
Charging
Figure 173.
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B-3 Type 7: Charging in Building Level
Autonomous Autonomous Autonomous
Moving Progressive Moving
Charging
Figure 174.
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B-3 Type 9: Charging in Under-street Level
Autonomous Autonomous Autonomous
Moving Progressive Progressive
Charging Charging
Figure 175.
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B-3 Type 7: Charging in Building Level
Autonomous Autonomous Autonomous
Moving Progressive Progressive
Charging Charging
Figure 176.
/
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B-3 Type 14: Charging in Block Level
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Figure 177.
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B-3 Type 15: Charging in Block Level
- - - * OOOOOOOOOOOOOOO --....
Autonomous Standstill Autonomous
Switching Charging Progressive
Charging Charging
Figure 178.
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B-3 Type 27: Charging in Under-street Level
------ .--------------------- 0 -- ----- 
-
Autonomous Autonomous Autonomous
Progressive Progressive Progressive
Charging Charging Charging
Figure 179.
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B-3 Type 27: Charging in Building Level
------ * ----------------- 1----------
Autonomous Autonomous Autonomous
Progressive Progressive Progressive
Charging Charging Charging
Figure 180.
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The System Type IlIl (Enter/Exit Phases)
The enter phase and the exit phase, which the C-4 type is representing, are
the enter phase and the exit phase of the system type Ill. It means that, first,
the users will drive their vehicles into the under-street level, the building lev-
el, or the block level and they will see a MoD station located in these levels.
Second, the users will return their vehicles at the station in these levels and
the vehicles will drive themselves autonomously to the charging locations,
which are located in either of these levels and most of stations are in an
indoor environment. After the MoD vehicles finished charging, the vehicles
will drive themselves autonomously to a MoD station on any of these three
levels, excluding the street level, for the next users to pick up. However, the
spatial configurations in an indoor environment, such as a space inside a
building, under a street, or under a street block, are impossible to list them
all. Therefore, this chapter is showing the possible vehicle flow type C sce-
narios with the possible station spatial layout type 4.
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4.4.7 The Flow-Space Type: C-4
(Enter->Storage, Storage->Exit)
The flow-space type C-4 means the MoD vehicles are moving autonomous-
ly as the vehicle flow type C within the station spatial layout type 4. The C-4
type is representing two phases, the enter phase and the exit phase, of
the system stage. The C-4 type suggests that during the enter phase, the
MoD vehicles are moving from under-street level, building level, and block
level to other under-street level, building level, and block level; and during
the exit phase, the MoD vehicles are moving out from any of these three
levels to any other of these three levels. The C-4 type represents the MoD
vehicles are moving from a mostly indoor environment to another mostly
indoor environment. The vehicle flow type C is very similar to the vehicle
Ait flow type A. The only difference is that in the vehicle flow type A, the vehicle
rging / is driving on the street environment, which is not too hard to provide specific
spatial solutions for each possible urban condition. However, in the vehicle
flow type C, the vehicle is driving in any possible indoor space, which has
Figure 181. countless variations and it is very hard to provide specific spatial solutions
:reet for specific spatial conditions. Therefore, the vehicle flow type C is different
than the vehicle flow type A.
4.4.7 The Flow-Space - -- -
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Enter Storage Exit
Flow Type I
Drop-off/Pick-up Point space Type
on Streets
(Outdoor/Semi-outdoor) Flow Type
Space Type3 +ystem
Drop-off/Pick-up Point Flow Typein Under-street, Builidngs, Blocks 4 + 3 + 4 System Type III(Mostly-indoor)
........................................ 2.....+.. 3. +.. 2.... =. System. Type il..... ......... ........ ....................
Table 5. See Table 1. in R103
The Mobility-On-Demand System in Taipei City: A Glos-
sary of Mobility-on-Demand Station Typologies
The thesis divided the process, from the time a MoD vehicle has
been dropped off to a station to a vehicle has been picked up
again, into three stages. Each stage plays its own role during this
process. The portal stage is to identify the possible locations to
build MoD stations. In other words, portal location is the actual
location of a MoD station. The MoD vehicle is driving manually
during this stage. The interface stage is about the physical MoD
station design. It talks about the major components of a MoD
station and the design guidelines for each component. It also
provides the possible combinations of these components, when
they are deploying to the existing urban environment. During this
stage, the MoD vehicle is between manual driving mode and au-
tonomous driving mode. The system stage is the internal working
mechanisms, which is dealing with vehicle charging and storage,
of a MoD station. It talks about the possible station layouts in dif-
ferent urban conditions. During this stage, the MoD vehicle is on
autonomous driving mode.
When putting these three stages together, it shows an overall
picture of how the system works. From the portal stage, you will
know the exact locations of the MoD stations. From the interface
stage, you will know how does a station look like and work. From
the system stage, you will know the possible station layouts for
each specific urban condition and also what kinds of MoD station
components will be used in which types of station spatial layouts.
However, the thesis can show the possible
station typology by using only two vari-
ables, the portal and the system, because
the interface variable is already embedded
in the diagrams of the system stage. Just
by combining the research findings of the
portal stage and system stage, it will show
what types of MoD stations can be built in
what locations and what kinds of MoD sta-
tion components will be needed. Therefore, the system type will
define the possible station typology and the portal locations will be
the locations of MoD stations.
In the system stage, there are three different types of station lay-
outs, the system type 1, 11, and 111, as the table shows on top of this
page. The system type I can be divided into two sub-types, out-
door type and semi-outdoor type. Therefore, there are total four
types of station layouts in the system stage. The system type I
outdoor station means that users drop off and pick up vehicles
on streets, and vehicle are charging on streets. The system type
I semi-outdoor station means that users drop off and pick up ve-
hicles on streets, and vehicle are charging on the streets, but in
a semi-outdoor environment. The system type II indoor station
means that users drop off and pick up vehicles on streets, but
vehicle are charging inside a building, under a street, or beneath
an urban block, in an indoor environment. The system type Ill in-
door station means that both users drop off and pick up points and
vehicle charging locations are inside a building, under a street,
or beneath an urban block, in an indoor environment. These four
types will be illustrated in more detail in the following pages.
In the portal stage, there are six different types of locations are
suitable for building MoD stations. However, based on the spa-
tial characteristics and requirements of these six locations, they
are distributed throughout the city in different urban environment.
From the table on the right page, it shows the possible portal loca-
tions in different urban condition.
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-System
Enter(Charging /
Non-Charging)
Pick-.up/Drop-off Points on Streets (Outdoor/Semi-outdoor)
Street Street
Storage(Charging) Exit(Charging /
Non-Charging)
Street Street
System Type I (Outdoor)
Enter Storage Exit
Flow Type
Space Type ITable 7.
The System Type I Outdoor Station
The system type I outdoor station is one of the most common sta-
tion typology of the Mobility-on-Demand system in Taipei City. It
represents that MoD stations are locating on the street, an outdoor
environment, not covered by any kind of structure. Users pick up
and drop off their vehicles on the street levels. From the figure
second on the left, it shows that the three phases of the system
stage, they all belong to the flow-space type A-1. It means that
during these three phases, MoD vehicles are all moving as the
flow type A in a station spatial type 1 layout. In other words, after
vehicles returned to MoD stations, these vehicles enter the sys-
tem for charging, recharge, and exit the system after charging, all
Figure 185.
of these phases are on street levels of an outdoor environment.
The table on the right shows the locations of the system type I
outdoor stations, under specific urban conditions. The portal icons
represent the types of locations the MoD stations are associated
with. The system type I station typologies are shown in numbers.
These numbers represent A-1 type station layouts and they are
illustrated in detail in the chapter 4.4.4. The table illustrates that,
under which kinds of urban condition, which types of station lay-
outs can be built in and associated with which types of the loca-
tions.
The top figure on the left shows the spatial characteristics se-
quence of the MoD vehicles are in, from coming to station from
users' origins to driving away to users' destinations.
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Table 8. From Table 6 in P 157 and Table 2. in R 109
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Enter
(Charging /
Non-Charging)
Pick-up/Drop-off Points on Streets (Outd oor/Se m i-outdoor)
street Street
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Non-Charging)
Street Street
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Enter Storage Exit
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The System Type I Semi-outdoor Station
The system type I semi-outdoor station is also one of the most
common station typology of the Mobility-on-Demand system in
Taipei City. It represents that MoD stations are locating on the
street, a semi-outdoor environment, which is covered by any type
of structure or is simply under a roof. Users pick up and drop off
their vehicles on the street levels. From the figure second on the
left, it shows that the three phases of the system stage, they all
belong to the flow-space type A-1. It means that during these three
phases, MoD vehicles are all moving as the flow type A in a sta-
tion spatial type 1 layout. In other words, after vehicles returned
to MoD stations, during the enter phase, the storage phase, and
Figure 186.
the exit phase, these vehicles are on street levels, a semi-outdoor
environment, or from an outdoor to semi-outdoor environment for
storage and charging.
The table on the right shows the locations of the system type I
semi-outdoor stations, under specific urban conditions. The portal
icons represent the types of locations the MoD stations are as-
sociated with. The system type I station typologies are shown in
numbers. These numbers represent A-1 type station layouts and
they are illustrated in detail also in chapter 4.4.4. The table illus-
trates that, under which kinds of urban condition, which types of
station layouts can be built in and associated with which types of
the locations.
The top figure on the left shows the spatial characteristics se-
quence of the MoD vehicles are in, from coming to station from
users' origins to driving away to users' destinations.
160
Street U U Street
IPOrtl nterface I I System Inefce F Portal I
Ssystem Type i I
System (Semi-outdoor)Ent stge / Exit Portal Enter Storage ExitPhas LoctionA-iP 4,5,64m lli
Communal
Street
6m 
4, 5, 6
Communal
street
4,5,6
Street w/o sm i j i
Arcade w/o Communal
Sidewalk Street
P 4,5,6
.10m lli
Communal
street
Main *4*,5 "Street & [
m11, 12,13
Communal
Street
11,12,13
8m j
Communal
Street w/o Street
Arcade w
Sidewalk 11, 12,13
<1.5m lOm |
Communal
Street
main 11,12
Main **
St"-" 
---- i[
System (Semi-outdoor)Enter Stoa Exit Portal Enter Storage Exit
Phas LoctionA-i
Street w/o Lm
Arcade w Main
Sidewalk Street
1.5m~3.5m
Street w/o
Arcade w Main
Sidewalk Street J U_
>3.5m
Street w MainArcade w/o StreetSidewalk
Street w Im
Arcade w Main - - LUSidewalk Street
<1.5m
Street w
Arcade w MainSidewalk Street
1.5m~3.5m
Street wArcade w Main
Sidewalk Street
>3.5m
Sidewalk in
the middle Main
of different Street
diection
Sidewalk in
the middle Main
of same Street
diection
Table 10. From Table 6. in P157 and Table 2. in P 109
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Enter
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Enter Storage Exit The system type || Indoor station is designed for situations when there is not enough
Flow Type space to build a whole MoD station, including every charging spaces, on a street. This
Space Type 2 3 2 type represents that MoD stations are locating on the street, either an outdoor or a semi-
Table 11. outdoor environment, and the vehicles will be charging in an indoor environment, either
under a street, a building, or an urban block. From the figure second on the left, it shows that the enter and the exit phases of the system
stage, they both belong to the flow-space type A-2, and the storage phase belongs to the flow-space type B-3. It suggests that ,after
users returned the MoD vehicles, these vehicles will go from street level to either an under-street, a building, or a block level. These
vehicles will go from an outdoor or a semi-outdoor environment to an indoor environment for charging and storage. The enter and the
exit phases represent these transitional phases.
The table on the right shows the locations of the system type II Indoor stations, under specific urban conditions. The portal icons repre-
sent the types of locations the MoD stations are associated with. The system type Il station typologies are shown in numbers in differ-
ent phases. The numbers under the enter and the exit phases, represent A-2 type station layouts, they are illustrated in more detail in
chapter 4.4.5. The numbers under the storage phase, represent B-3 type station layouts, they are elaborated in chapter 4.4.6.
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Table 12. From Table 6. in R157, Table 3. in P 131, and Table 4. in P 141
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The System Type III Indoor Station
The system type Ill Indoor station is using the portal locations as
its enter and exit point for its interface and system stages. The
MoD stations are locating in an indoor environment, either under a
street, inside a building, or under an urban block. When users see
a MoD station enter point on the street level, they need to drive
manually into the enter point to an indoor environment, in the pre-
vious three levels, and find MoD stations to return their vehicles.
Unlike the previous system type I and 11, after users returned ve-
hicles on street level, these vehicles will stay in the same loca-
tions for charging or will move themselves autonomously into the
system for charging and storage. Users do not need to drive into
I
Under-street Under-street
Under-street Under-street
Understreet Under-street
Street
Street
Street
Building Buldin 1dnStreet
Building .U Street
Block Street
Block Street
an indoor space, like we drive our cars to a basement for parking
right now. This type can be applied in the scenarios, such as MoD
stations inside or under a big shopping mall, a convention center,
a stadium, a residential high-rise, an urban block, etc. When the
situations are more convenient and comfortable for users to drop
off and pick up vehicles in indoors rather than outdoors. However,
the system type III Indoor station has countless variations and does
not have major impact on urban environment. The portal location on
the street is for entering and exiting only, just like tunnels or ramps,
it does not affect the streetscape too much. Therefore, the thesis
will not discuss this typology in detail. The various combinations are
showing in the table on the right page.
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Table 14. The C-4 type can
be found in chapter 4.4.7 Flow Type
and the B-3 can be found in S Tp
chapter 4.4.6.
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5.2 A Handbook for Urban Implementation of
the Mobility-on-Demand System
The thesis is designed as a handbook for urban implementation of
the Mobility-on-Demand system in Taipei City. After the research
works have been done for the three stages of the Mobility-on-
Demand system in Taipei City, these works can combine and be-
come a handbook for practical urban implementation purposes.
The thesis is laying out a structure for urban implantation studies.
This structure is not only good for my present studies, but also
good for the future planners or designers who are doing this type
of researches. Their works can follow the structure and find a place
to fit in. After that, these accumulated works can be searched and
provide references and possible solutions when the MoD system
is doing a real urban implementation.
The thesis is not intended to show every possible station layouts
for every urban conditions. However, the thesis wants to give
enough possible station layouts and diagrams to show what this
thesis is for and how can this thesis work as a handbook. There
are two ways to use this handbook when the MoD system is doing
urban implementation. The first one is when the system operators
know an existing physical location, like a 7-11 convenience store,
which the MoD system wants to build a MoD station at this loca-
tion. The second one is when the system operators know, based
on the traffic supply and demand, the MoD system needs a MoD
station in a certain area. The followings are the two examples of
how to use this thesis as a handbook for urban implantation.
Implementation Scenario I:
With a Known Portal Location
If the system operators know an existing physical location, which
the MoD system wants to build a MoD station at this location. For
example, the MoD system needs to be build a station in the loca-
tion of the 7-11 convenience store, which its image is showing on
the top right-hand side of the left page. Firstly, the MoD system
needs to find out what type of the street of this convenience store
is on . In this case, this 7-11 is located on a 8 meter-wide, com-
munal street, without a sidewalk and an arcade. Secondly, the
system operators can search this handbook for the possible MoD
station layouts for this location. They just need to find the possible
station layouts of system type I,
11, and Ill, under the urban condi-_EUE_
tion of a 8 meter-wide, communal
street, without a sidewalk and an
arcade, in chapter 5.1. The fol-
lowings are the possible outdoor,
semi-outdoor, and indoor station
layouts for this 7-11 location.
Figure 189. A photo of an existing 7-11 convence store
Figure 190. The Blue dot shows the location of the 7-11 on a 8 meter-wide,
communal street, without a sidewalk and an arcade
166
The System Type I Outdoor Station Possibilities
The diagrams below are showing the possible outdoor station lay-
outs under the category of 8 meter-wide, communal street, with-
out a sidewalk and an arcade.
The System Type I Semi-outdoor Station Possibilities
The diagrams below are showing the possible semi-outdoor sta-
tion layouts under the category of 8 meter-wide, communal street,
without a sidewalk and an arcade.
-!
-ll ' L -Ca _________
A-1 TvDe 3 Fiaure 193. Detailed in P143 A-1 Type 6 Figure 196. Detailed in P146
'I- I
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The System Type il Indoor Station Possibilities
The diagrams on the left on the left page are showing the pos-
sible indoor station layouts, during the enter and the exit phases,
under the category of 8 meter-wide, communal street, without a
sidewalk and an arcade. Users drop off and pick up their vehicles
A-2 Type I Ficure 197. Detailed in P132
'44
A-2 Type 2 Ficure .198 Detailed in P133
A-2 Type 3 Ficure 199. Detailed in R134
I~ ~j
IF)
on the street and the vehicles move autonomously to an indoor
environment for charging and storage. The diagrams on the right
on the left page is showing the possible MoD vehicle charging
flow types during the storage phase. Therefore, a possible station
layout of this type will be picking up one diagram from the left and
one diagram from the right and combining them together as one
possible type.
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Table 34. From Table 20. in P219
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Exit / Enter Phase System (Indoor)
Location Portal Enter Storage Exit
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Street w/o 8m op Flow Types /
Arcade w/o Communal ELEVEN Unlimited
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A 4% A
The System Type IlIl Indoor Station Possibilities
The table below is showing the possible indoor station layouts
under the category of 8 meter-wide, communal street, without a
sidewalk and an arcade. First, this type of station layout does not
have much impact on urban environment, because it only uses
the portal location as an enter and exit point for driver to manually
drive into an indoor environment, such as a parking lot entrance.
Unlike the system type I and 11 station layouts have physical sta-
tions on the street level and vehicles only drive themselves au-
tonomously into an indoor space. Second, this type has unlimited
spatial configuration and can not be listed one by one. Please
see chapter 4.4.7. Therefore, the thesis will not discuss too much
about this typologies, but lists it in order to maintain the station
spatial layouts structure.
Table 18. From Table 13. in P165
System (Indoor)
Portal Stage Location Portal Enter Storage Exit
A-2 B-3 A-2
3 Vehicle 27 Vehicle 3 Vehicle
Street w/o 8m W Flow Types / Flow Types / Flow Types /
Arcade w/o Communal m Unlimited Unlimited Unlimited
Sidewalk Street Spatial Types Spatial Types Spatial Types
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Implementation Scenario II:
with a Known Urban Area
The other implementation scenario is, if the system operators
know the MoD system needs a station in an area in order to sus-
tain sufficient MoD vehicles supply and demand, but they do not
have a physical location in mind. The planners and designers can
look at this handbook to have a good idea what kind of station and
location choices they can have in this area. For example, the MoD
system wants to be build a station within the area covered by the
white circle, because the system operators know if they build a sta-
tion in the area, it will balance the supply and demand of the MoD
fleet. First, within the area, planners and designers can choose a
suitable street to build their station. In this case, they chose a 8
meter-wide, communal street, without a sidewalk and an arcade.
Second, the planners and designers can look up this handbook for
the possible MoD station layouts for this type of street. They can
find the possible station layouts of system type 1, 11, and Ill, under
the urban condition of a 8 meter-wide, communal street, without
a sidewalk and an arcade, in chapter 5.1. The followings are the
possible outdoor, semi-outdoor, and indoor station layouts for this
type of street. Therefore, the planners and designers can have a
good repertoire of locations and station types, which can be built
within this area. It will shorten the planning and design process.
Figure 201. The white circle shows the area which the system operators want to
build a MoD station in
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The System Type I Outdoor Station Possibilities
Table 19. From Table 8. in P 159
Exit / Storage / Enter System (Outdoor)
Phase Location Portal Enter Storage Exit
A-1
1,2,3
Street w/o 8m
Arcade w/o Communal lilli I
Sidewalk Street
The System Type I Semi-outdoor Station Possibilities
Table 20. From Table 10. in P161
Exit / Storage / Enter System (Semi-outdoor)
Phase Location Portal Enter | Storage | Exit
A-1
4,5,6
Street w/o 8m
Arcade w/o Communal lill L
Sidewalk Street
The System Type il Indoor Station Possibilities
Table 21. From Table 12. in R163
Exit / Enter Phase System (Indoor)
Location Portal Enter Storage ExitA-2 B-3 A-2
1,2,3,4 27 Vehicle 1, 2, 3, 4
Street w/o 8m Flow Types
Arcade w/o Communal i f Unlimited
Sidewalk Street Spatial Types
The System Type Ill Indoor Station Possibilities
Table 22. From Table 13. in R165
System (Indoor)
Portal Stage Location Portal Enter Storage Exit
A-2 B-3 A-2
3 Vehicle 27 Vehicle 3 Vehicle
Street w/o 8m Flow Types / Flow Types / Flow Types /
Arcade w/o Communal il Unlimited Unlimited Unlimited
Sidewalk Street Spatial Types Spatial Types Spatial Types
A Crucial Factor for a Large-Scale
Mobility-on-Demand System Urban Implementation
By using the thesis as a handbook for the Mobility-on-De-
mand system of urban implementation, a possible outdoor,
semi-outdoor station, or indoor station can be found or gen-
erated for the system operator. Through exploring the poten-
tial station layouts, planners and designers of the MoD sys-
tem can have a repertoire of types of the MoD station might
be suitable for a location or an area. A key of success of the
MoD system urban implementation, the most crucial factor is
how fast the system can adapt and optimize to the dynamic
urban environment. This handbook will not only give the de-
signers and planners the station types to choose from, but
will also speed up the design and planning process for large-
scale MoD system urban implementation. It will be crucial
for urban implementation. However, even the planners and
designers come up with new station spatial layouts, it can
always be added on to the repertoire. The handbook will be
more useful for the future urban implementation. The more
the MoD stations the system builds, the better station spatial
types repertoire the system will have.
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situated in the Taipei basin and surround by hills and mountains.
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6.1.1 Introduction of Taipei City
Taipei City is located in the northern part of
Taiwan, which is situated in the bottom of
Taipei basin and surrounded by hills and
mountains. Taipei City is the capital city
and social, economic and political center
of Taiwan. Taipei City has 2,630,515 resi-
dents and relation density is 9,678 people
per square kilometers0 It is ranked as the
seventh highest population density city in
the word Combined with Taipei County,
together they have 6,409,734 residents in
Greater Taipei Area. Taipei City is the typi-
cal East Asia city, as well as Taipei County.
That land-use zoning system is not mono-
tonic or single-purpose, it has traditionally
been multipurpose. Taipei is generally char-
acterized as a mixed-use city. Commercial
and residential areas can easily be seen
mixed together in the same street or in the
same block. Because of the mixed-use
characteristics and high density, it creates
a very convenient city in the world. People
can buy or do basically anything within
three to five minutes driving distance in Tai-
pei urban area. A lot of stores are running
24 hours a day and convenience stores
are ubiquitous. Sometimes people can see
the same brand convenience stores open
across the street and face each other. Tai-
pei City also faces a lot of traffic problems.
Every 1000 people have 218 cars and 406
motorcycles in Taipei City2; 222 cars and
570 motorcycles in Taipei County Taipei
city ranked the second most congested
city in Asia!4 What makes things worse is
that motorcycles pollute more than cars. It
is not hard to imagine that people almost
choked in traffic congestion with a lot of
smoke. The traffic issue needs to be ad-
dressed in order to improve the living qual-
ity in Taipei City.
6.1.2 Pilot Program of
Mobility-on-Demand
Taipei City will be a good candidate city to
test out the pilot program of Mobility-on-
Demand transportation system. It will not
only solve the traffic problems, but also
can integrate the existing transportation
system and make it work more efficiently. It
could also address environmental issues.
Many Taipei City residents have high-in-
come levels and are typically open to new
technologies, new ideas and new services.
They will be interested in this service if it
can save more time and money. Also be-
cause of the mix-used urban fabrics, it will
make Mobility-on-Demand fleet manage-
ment easier. The traffic of Taipei City al-
ready used to cars and scooters mixed to-
gether roaming down the same street and
the same land, it will not be a problem to
introduce the mixed modality MoD service
to Taipei City.
Figure 204. Street View of Taipei City
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6.1.3 Location and Geography
Taipei City is located almost at the northern tip of Taiwan and
surrounded by Taipei County, keelung City, and Taoyuan Coun-
ty. The Greater Taipei Area often refers to Taipei City and Taipei
County together. The metropolitan area of Taipei includes Taipei
City, Taipei County, Keelung City, Taoyuan County, Hsinchu City,
Hsinchu County, and Yilan County. Taipei City and Taipei County
are located in the alluvial plain of Taipei basin. The perimeter of
basin is about 70 square kilometers in length and the slope is
pretty steep so it is not suitable for any kind of construction. Within
Taipei basin, there are 243 square kilometers in area under 20
meters height above sea level, 19 square kilometers are water
area. Tamsui River is running through the middle of the basin and
cut it into two half. The left side is Taipei County and the right side
is Taipei City. Taipei City has 272 hectares and Taipei County has
2053 hectares. The 55 % of Taipei City are hills and mountains,
only 45% are plains. Taipei County only has 11.65% plains, the
others are hills and mountains. The urban development is basi-
cally within the plains of the Taipei basin.
Figure 206. Wew of Taipei Basin
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6.1.4 Administrative Zones
Taipei City has 12 districts and Taipei County has 10 township-level cities, 4 urban town-
ships and 15 rural township, total 29 cities and townships. The Taipei County actually
surrounds and encloses Taipei City entirely.
Figure 208. Administrative Zones in Greater Taipei Area
Table 23. Area of Each District
Name Area Name Area
. e- a Sijhih City 71.24
Shhin District 62.37 Rueiang 70.73
Beitou District 56.82 Dasui 70.66
Neihu District 31.58 Sanjhih Township 65.99
Wunshan District 31.51 Wanli Township 63.38
Nangang District 21.84 Linkou Township 54.15
Jhongshan District 13.68 Shihmen 51.26Township _____
Daan District 11.36 Jinshan Township 49.21
Sinyi District 11.21 Bali Township 39.49
Songshan District 9.29 Wugu Township 34.86
Wanhua District 8.85 Shulin City 33.13
Jhongjhng 7.61 Tucheng City 29.56
Datong District 5.68 Banciao City 23.14
- -- e Yingge Township 21.12
Wulai Township 321.13 Shnkn 20.58
Sansia Township 191.45 Jhonghe City 20.14
Pinglin Township 170.84 Sinjhuang City 19.74
Townsi 146.25 Taishan Township 19.16
Shihdiig
ShTdwng 144.35 Sanchong City 16.32
Sindian City 120.23 Lujhou City 7.44
Townsip 99.97 Yonghe City 5.71
Pingsi Township 71.34
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6.1.5 Population and Density
The greater Taipei urbanized area ranked the seventh highest popula-
tion density city in the world with about 15,200 people per square kilome-
ter in urban area.1 Within the Taipei City and Taipei County boundaries,
Taipei City population density is 9,682 people per square kilometer and
Taipei County population density is 1,854 people per square kilometer.
However, because most urbanized areas of Greater Taipei are located
in the alluvial plain of Taipei basin, the population densities in urbanized
areas are actually much higher than the statistics showed. There is one
district the population density is higher than the most highest popula-
tion density city; there are two districts higher than the second place
city, but lower than the top one; they are nine districts higher than the
third place city, but lower than the second place one. The aerial photos
below show the same scale comparison between Manhattan and Tai-
pei. Manhattan has 87.5 square kilometer in area, 1,620,867 residents
and population density is 27,256 people per square kilometer. Although
Greater Taipei Area doesn't have so many skyscrapers like Manhattan,
but the population density of many districts are close to this number.
The population density is very high in Greater Taipei Area.
Figure 209. Taipei Bird's Eye View Figure 210. New York City Bird's Eve View
Table 24. Population and Population
Density in Each District (Peoplelkm2)
Name Population Density Name Population Density
Yingge Township 85,891 4,066
Daan District 315,511 27,770 Taishan Township 74,670 3,897
Songshan District 211,540 22,776 Sijhih City 181,195 2,544
Datong District 126,201 22,213 Sindian City 290,868 2,419
Wanhua District 192,040 21,694 Wugu Township 77,456 2,222
Jhongjheng 159,829 21,011 Danshuei 132,804 1,880District Township
Sinyi District 228,935 20,427 Linkou Township 68,296 1,261
Jhongshan District 218,705 15,985 Shenkeng 22,509 1,094Township
Neihu District 265,694 6,420 Bali Township 32,773 830
Wunshan District 261,915 8,312 Township 43,434 614
Nangang District 113,726 5,207 Sansia Township 95,617 499
Shihlin District 287,177 4,605 Jinshan Township 22,249 452
Beitou District 250,132 4,402 Sanjhih Township 23,579 357
T -i 1, Wanii Township 20,732 327
Yonghe City 236,927 41,466 11,875 232
Tonsip
Lujhou City 192,515 25,893 Tonsip 14,020 140
Banciao City 548,816 23,720 Pingsi Township 5,602 79
Sanchong City 383,749 23,518 Townsi 9,937 68
Townshng
Jhonghe City 409,846 20,346 Townhip 7,862 54
Sinjhuang City 396,762 20,101 Pinglin Township 6,582 39
Tucheng City 237,643 8,040 Wulai Township 5,427 17
Shulin City 165,333 4,991
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Name Cou ntry Population Dest
Mumb~al Iniia 14 350,000 29.650
Kolkata India 12 700 000 23,900
Karachi Pakistan 9,800.000 18.900
Lagos Nigenia 13.400.000 18,150
Shenzhen China 8,000 000 -17. 150
Seoul South Korea 17 500.000 16,700
Taipei Taiwan 5,700,000 15,200
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6.1.6 Urbanized Area of Greater Taipei
Because Greater Taipei is situated in the bottom of the Taipei
Basin, the mountains and hills in the perimeter of basin become
the physical boundary of urban development. Within the bound-
ary, nearly all the areas are occupied by either by buildings and/or
infrastructure. Based on different urban fabrics and development
patterns, Greater Taipei can be divided into 7 zones. Each zone's
urban fabric and public transportation accessibility is different.
Zone 1:
Core Commecial Area
Public Transportation: Dense
Urban Fabric: Dense
The central business district of Taipei City.
A lot of Tall office buildings situated along
avenues and boulevards. Top 4 busiest
MRT stations are located in this area. A
lot of people
come here for
works more
than the peo-
pie who live
here.
Figure 214.
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Zone 2:
Second Commecial Area
Public Transportation: Even
Urban Fabric: Dense
The residential and commercial areas are
totally mix-used. Not as crowded as CBD
and streets have more space for parking.
Figure 216.
Zone 3:
Newly Developed Area
Public Transportation: Even
Urban Fabric: Dense
One block equal one mega building. Most
of the buildings are headquarter for inter-
national corporations. There are also a lot
of department
stores here.
Taipei City
Gov. is here,
too.
Figure 218.
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Zone 4:
Old City Area
Public Transportation: Even
Urban Fabric: Dense
The earliest developed area in Taipei, fa-
mous for its small alleys and organic growth
pattern. There are a lot of ancient build-
ings, markets
and temples
in this area. A
lot of tradition-
al row-houses
were also pre-
served.
Figure 220.
Zone 5:
Residential Area inside City
Public Transportation: Even
Urban Fabric: Even
It's situated around core com. and second
com. areas. Mostly residential neighbor-
hood, but commercial areas are also in-
cluded. Most
of them are
5-7stories
high build-
ings.
Figure 222.
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Zone 6:
Outskirt Residential Area
Public Transportation: Even
Urban Fabric: Even
It's situated between the central city and
mountains of Taipei Basin. Most of them
are 5-7stories high buildings, but tall resi-
dential towers
are also com-
mon.
Figure 224. * '
Zone 7:
Organic Mix-Use Fabric Area
Public Transportation: Loose
Urban Fabric: Dense
The Taipei County is belong to this area.
It is very dense and famous for its organ-
ic grownth pattern and green-less space.
Most of the
streets are
very sinuous
and hard to
recognize.
Figure 226.
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-'Orban Ftbric iiaO!rinistrative Zones
Wanli
Township
Linkou
Township
Gueishan
Township
Yingge
Township
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6.1.7 Road System
The red dotted line repre-
sents Taiwan High Speed
Rail, which in capable of a
top speed of 300 kilometers
per hour. It connects Taipei
City and Kaohsiung City in
90 minutes. The total route
length is 345 kilometers.
They are total eight stations
in service right now and two
of them are in Greater Taipei
Area. The black dotted line
represents Taiwan railroad,
the ordinary train. Most of
the routes overlap with Tai-
pei High Speed Rail in city
center. The orange solid
lines represent highways.
There are three major high-
ways running across Taipei
City. They cross over in the
west side of the city. The
solid color lines represent
the current MRT system. It
connects the major urban-
ized parts of Taipei City. The
yellow thicker solid lines
represent expressway and
there are 13 expressways
in Greater Taipei Area. The
yellow thinner solid lines
represent main streets.
They are denser inside the
urban area.
igure230. High Speed Rail, Railroad and Highways
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Figure 231. Expressways and Main Streets
fmU 3i I 1ance O t 7: tO W1i
Figue 23 Dlsance fron, City CenteFigure 232. MRT Routes
6.1.8 Public Transportation
There are four different types of public transportation in Greater Taipei Area. They include public buses, Met-
ropolitan Rapid Transit, known as MRT, Taiwan Railway, and taxis. Public buses and MRT are the most widely
used public transportation systems in Taipei City. Public buses average 1,687,960 passengers per day 17and
MRT has average 1,239,761 passengers per day." Even after MRT started to operate, buses passengers
only 90,000 less after 10 years. A lot of people use railway to do intercity commute. There are 142,373 pas-
sengers per day in and out railway stations in Taipei City. There are 57,764 taxis in Greater Taipei Area and
share 62.5% of the total taxis in Taiwan. There are estimated 1,156,305 passengers per day use this service
in Greater Taipei Area and each taxi serves 20 passengers per day.
Table 26. Total
Passengers of Public
Transit in Each Year
(10,000/year)
Chart 1. Total Passngers of Public Transit in Each Year (10,000/year)
MRT B
300 1985 2
1986 2
1987 -2z
250
200
150
100
50
0
1986 1988 1990 1992 1994 1996 1998 2000 2002 2004200
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Us
30
54
46
1988 - 238
1989 - 227
1990 - 216
1991 - 214
1992 - 211
1993 - 204
1994 - 190
1995 - 175
1996 4 178
1997 10 186
1998 17 192
1999 35 198
2000 73 186
2001 79 187
2002 89 177
2003 87 168
2004 97 171
2005 99 168
2006 105 16
.......... .
Figure 234. Distance on Foot
Table 27. Distance of
Transfer Types
Distance
Walk 1 457
Bus 2 360
Scooter 2,565
Table 28. MRT Passengers
Transfer Types
Arrive Depart
Walk 56.7% 67.8%
Taxi 1.3% 1.3%
Bus 23.5% 26.2%
Car 2.3% 0.4%
Scooter 6.5% 1.4%
Bike 1.0% 0.6%
Othes 8.7% 2.3%
6.1.9 Transfer Types
Public buses and MRT are the two major
public transportation systems. Sometimes
public buses have to assist MRT to solve
the first mile and last mile problems. About
56.7% and 67.8% of the total MRT passen-
gers arrived and left MRT stations on foot.
It took them average 18.21 minutes to walk
1,457 meters in distance. About 23.5%
and 26.2% of total MRT passengers who
arrived and left MRT stations by bus. Only
6.5% and 1.4% of the passengers used
scooters. However, scooters traveled the
longest distance in shortest time. It took
them 4.28 minutes to travel 2,565 meters
in distance."
Figure 235. Distance by Bus 4 Figure 236. Distance by Scootic
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igure 237. Traffic of Taipei in
Table 29. Cars and Scooters numbers in Greater Taipei Area
Name Cars Scooters Cars/ 1000 Scooters/
eCotpsle 1 00 pl.
Name Cars Scooters Cars/1000 I Scooters/people 1000 ppl.
raishan Township 17941 42,709 240 572
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6.1.10 Private Vehicles
Cars and motorcycles, most of them are
scooters, are the major two types of private
vehicles in Greater Taipei Area. They are
total 1,417,576 cars and 3 234,760 scoot-
ers in Greater Taipei Area. Nearly every
1000 people have average 220 cars and
503 scooters. The table on the left shows
in Taipei County, the scooter ownership is
50% more than Taipei City scooter owner-
ship. In places that have denser urban fabric
and higher population densities, people tend
to have more scooters, but not always less
cars. 25% of the total residents in Greater
Taipei Area commute by their cars, 36% by
their scooters. Because traffic is too con-
gested in Greater Taipei Area, scooters ac-
tually are the cheaper and faster solution
in this condition, especially with their small
vehicle footprint, they can in and out the traf-
fic without any problem. About 54.4% of the
total scooters used for daily commute, from
home to work or to school. 23About 80.4 % of
scooter users ride their scooters directly to
their destination without transferring. About
64.8% of the scooter users are male. About
90.2% of scooter users in Greater City center
and 88.9% of scooter users outside the city
center will buy another scooter if the current
one is broken.24
Wanhua District 31,816 106,027 166 552 Wugu Township 21,246 44,253 274 571
Datong District 26,819 69,611 213 552 Touangsi 1,865 5,454 188 549
Tonsip
Nangang District 24,651 52,951 217 466 Tongsip 2,903 7,400 207 528
Jhongjheng 35,311 68,442 221 428 Pingsi Township 1,143 2,838 204 507
District
Jhongshan District 60,516 93,287 277 427 Sansia Township 23,328 47,458 244 496
Shihlin District 60,748 121,077 212 422 Yonghe City 42,982 115,840 181 489
Beitou District 51,487 105,110 206 420 Township 8,714 20,914 201 482
Danship
Sinyi District 45,413 88,596 198 387 Tanshi 31,914 62,982 240 474
Neihu District 63,225 99,931 238 376 Wulai Township 1,076 2,553 198 470
Wunshan District 54,937 98,038 210 374 Jinshan Township 5,253 10,175 236 457
Songshan District 50,011 72,871 236 344 Bali Township 9,144 14,909 279 455
Daan District 69,626 91,466 221 290 Sanjhih Township 6,601 10,502 280 445
Sindian City 69,075 128,513 237 442
Sanchong City 78,593 264,521 205 689 Pinglin Township 1,680 2,893 255 440
Sinjhuang City 86,877 250,401 219 631 Township 2,016 3,374 256 429
Banciao City 109,816 342,010 200 623 Sijhih City 49,473 77,584 273 428
Shulin City 40,790 102,281 247 619 Townshi 2,912 5,026 245 423
Lujhou City 38,531 117,546 200 611 Wanli Township 4,411 8,694 213 419
Tucheng City 50,822 143,665 214 605 Shenkeng 6,073 9,400 270 418
_____________  
Township __________
Jhonghe City 85,369 246,625 208 602 Linkou Township 19,178 25,965 281 380
Yingge Township 23,290 50,868 271 592
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6.1.11 Parking in Taipei City
Parking in Taipei City is always an issue. There are 2,114 cars and
3,927 scooters per every square kilometer in Taipei City. How-
ever, there are only 1,911 car parking spaces and 1,562 scooter
parking spaces in every square kilometer when we include public25
street parking spaces and private parking spaces. The lower table
shows the vehicle density and parking space density comparison
in every district in Taipei City. Although in some districts, parking
spaces outnumber the numbers of vehicles. In reality, only a few
people have their own private parking spaces and the rest have to
pay for parking except street parking midnight. People tend to find
any available free parking space all sides of this parking system to
Table 30. Cars and Parking Spaces Density in Each District
Car Available Scooter Scooter Available
Name Car density Parking Parking Density Parking Parking
Density Space Density Space
Jhongshan District 4,423 5,297 874 6,818 3,461 -3,358
Neihu District 2,002 2,808 806 3,165 2,825 -339
Jhongjheng 4,642 5,367 725 8,997 5,117 -3,880
Nangang District 1,129 1,153 25 2,424 1,014 -1,411
Sinyi District 4,052 3,853 -199 7,905 3,087 -4,818
Wunshan District 1,744 1,450 -294 3,111 868 -2,243
Beitou District 906 580 -326 1,850 456 -1,394
Shihlin District 974 632 -342 1,941 560 -1,382
Songshan District 5,385 4,751 -634 7,846 2,901 -4,945
Daan District 6,128 4,678 -1,450 8,051 4,085 -3,965
Datong District 4,720 3,124 -1,596 12,252 2,371 -9,882
Wanhua District 3,594 1,813 -1,781 11,977 1,949 -10,029
avoid paying money. It creates that cars and scooters are actually
parking everywhere throughout the city. Because of parking space
shortage, a lot of people will not use their cars unless necessary.
It will be very hard to find another parking space especially when
people were already returned home from work. There are three
types of street parking for cars. If there is a red line on the curb,
its means no parking; a yellow line means temporary parking; if
there is no line means can park
at any time. They are three dif-
ferent types of street parking for
scooters. They are perpendicu-
lar curb parking, sidewalk park-
ing, and scooter turn parking.
Figure 239. Sidewalk Parking
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6.1.12 Home versus Work Trips Matrix
This table shows the commute pattern from home to work of people who are over 15 years old with jobs. We can tell how many
people live in which district and go to which district for works. The yellow represents the largest numbers of people live in this district
that go to that district for work. For example, there are 94,056 workers live in Songshan district. 57,471 of them stayed in Songshan
District for works. It is 61.1 % of the total workers live in this Songshan District. The grey represents the second largest numbers. For
example, there are 6,422 workers live in Songshan District go to Jhongshan District for works. It is 6.8% of the total workers live in
this Songshan District. The yellow represents the third. The red ones show the top 5 largest numbers of people whose homes in one
district but go to another district for works, except home and work in the same district.
Table 31. Home versus Work Trips in Number between Districts
-Work Songshan Sinyyi Da-an Phongshar hongjhen Datong Wanhua Wunshan Nangangg Neihu S hihn Beitou Banciao Sanchong Jhonghe Yonghe Sinjhuang Sindian Shulir
Home Total 182,113 123,297 207,189 214,402 152,475 79,706 83,997 82,866 55,881 99,296 118,291 82,122 183,010 158,023 143,808 55,252 155,534 105,349 74,674t&LlE-l Songshan 94,056 57,471 2,994 4,578 6,422 3,015 991 466 482 1,202 1,875 895 441 603 878 506 259 575 646 1391M_ Sinyyi 110,337 8,098 57,978 9,215 5,911 4,555 992 604 894 2,567 2,269 968 442 932 830 838 389 646 1,083 220|Da-an | 139,634 5,916 3,828 89,885 6346 6;854 1,016 772 1,210 981 1,244 1,044 528 1,217 1,032 1,211 712 968 1,687 206LUL.Jl: lhongsha 102,696 4,17 1,486 3,095 71,814 2,814 1,334 480 400 527 1,584 1,675 527 778 1,338 611 301 786 579 174P iE Z. hongjhenj 71,202 2,481 1,757 4,662 3,779 41,218 903 1,583 776 446 841 771 404 1,085 843 1,119 742 619 964 165Datong [ 57,134 1,312 673 1,107 2 94 1,265 39,355 415 160 231 552 1,035 378 483 1,590 327 162 612 246 126X Wanhua 89,465 2,794 1,766 3,314 3,871 4644 1,248 52,905 598 456 678 855 394 2,397 1,454 2,456 610 1,008 882 347ZLUl U Wunshan 118,832 5,221 3,551 8,985 5,500 6,737 952 868 59,536 881 1,232 924 484 1,113 796 1,715 811 766 7,463 227E Nangang 52,511 3,965 2,824 2,174 2,012 1,393 371 266 294 27,805 2,041 410 192 348 364 289 131 286 364 97AM Neihu 121,469 4,178 5,282 9,254 4,041 1,431 586 614 3,341 60,050 2,324 860 724 1,186 598 275 817 748 210Sff. Shihin 133,512 4,909 2,183 4,219= 3 4,250 3,649 938 503 718 2,354 76,642 3,291 927 2,467. 706 333 1,271 679 288L if. Beitou 113,534 3,765 2,073 3,269 7,77 3,726 2,512 773 443 625 1,785 7,785 60,779 768 1,745 576 278 972 591 207f -r$ Banciao 240,556 6,613 3,725 6,731 8,754 8,759 2,905 5,813 1,358 1,007 1,617 1,786 828 130,492 4,066 9, 1,467 7,390 1,982 7,028EfiD Sanchong 182,303 5,541 2,738 4,567 9,~979 5,452 4,815 2,414 721 791 1,539 2,952 1,160 2,031 107,682 1,130 446 5,545 751 848
__t _M Jhonghe 193,694 7,339 4,702 9,678 8,814 ' 2,304 3,902 2,144 1,055 1,626 1,569 804 7,721 1,878 95,960 5,269 2,203 6,622 1,2157U(AI Yonghe 108,494 5,804 4,023 9,698 7,624 - 1,828 1,865 1,493 832 1,288 1,189 626 2,323 1,101 6,085 37,173 1,007 3,073 406Et Sinjhuang 178,716 3,282 1,986 3,263 4,756 4,001 1,961 1,523 629 557 1,016 1,262 575 4,088 7,91 1,787 460 107,674 688 5,485Tlr Sindian 138,497 6,462 4,072 9,431 7,108 8,017 1,335 1,359 5,246 904 1,491 1,214 675 1,632 862 4,316 1,653 920 68,813 445
4J$* Shulin | 71,872 1,181 572 910 1,186 1,253 426 420 175 182 281 268 142 2,791 1,001 892 207 A3,925 380 45,437KRA Yingge 37,597 412 187 274 374 352 114 89 81 75 100 135 53 475 143 266 53 298 138 878E e Sansia 38,231 376 261 374 449 462 151 211 101 55 102 117 54 1,189 269 548 153 433 339 1,744
7 KO Danshuei 63,102 1,667 835 1,540 3,336 1,656 998 304 175 228 749 2,808 3,370 328 876 227 113 468 229 11395,073 ,230 4,113 4,656 4,965 2,420 987 485 604 5,127 5,582 974 444 507 672 510 220 429 622 170W35 Rueifang 18,866 853 268 256 327 261 112 85 93 242 293 110 63 255 191 121 41 190 85 100|i± r Tucheng 113,964 2,106 1,346 2,080 2,583 2,741 847 1,506 559 340 570 562 283 a 1,186 7,411 1,139 2,212 1,381 3,183|jT-*r Lujhou 77,205 2,129 969 1,508 3,752 1,665 1,791 748 240 300 729 2,449 821 760 7,384 424 156 2,315 263 313
HAM Wugu 34,894 603 332 560 1,001 606 438 265 104 123 282 455 314 349 06 140 77 1,345 129 232i Taishan 32,695 607 317 458 739 604 302 227 95 86 192 352 201 449 1,007 211 58 1 100 557
ft*E Linkou 24,843 632 278 486 682 437 235 121 50 85 134 220 89 232 352 134 52 614 80 155gjUf Shenkeng 11,252 463 391 766 537 342 117 75 823 119 144 72 39 81 80 137 38 66 573 24;EI!f Shihding 3,125 59 47 93 69 52 16 22 192 40 33 33 11 48 63 57 29 25 194 81**95 Pinglin 2,486 81 46 34 16 20 10 11 76 24 19 17 10 75 36 73 21 36 183 13
-i=f Sanjhih 11,406 151 64 125 208 99 80 28 18 24 54 192 312 70 151 50 22 91 27 27Mt Shihmen 4,479 44 30 34 57 34 23 6 15 13 40 98 132 41 91 27 14 80 20 14
A10 Bali 14,859 317 135 226 487 220 183 76 40 49 127 522 783 102 515 49 27 190 60 44V1MA Pingsi 2,133 97 37 25 26 20 18 13 68 36 35 9 3 97 51 56 18 66 50 31fiME Shuangsi 3,555 170 29 29 57 62 40 20 14 49 42 26 14 186 122 63 30 133 23 60Rf EtF Gongliao 5,324 133 36 54 101 53 36 27 15 34 38 47 19 - ,273 164 94 24 158 47 70iIMf Jinshan 8,848 173 55 136 132 88 61 37 34 34 89 106 71 116 105 53 34 100 35 30WON Wanli 7,621 244 113 85 81 52 26 11 21 42 69 50 29 105 60 46 15 54 24 33
,EMOM Wulal 1,507 13 29 24 29 21 8 7 38 7 5| 2 5 23 15 20 6 3 256 41 LUOl Gueishan 61,174 519 223 321 464 340 166 106 76 74 115| 179 91 359 371 160 72 1,337 108 1,143
196
1,204,382 1,018,002 121,429 26,147
A 1 1,727,197 396,979 1,227,097 56,910
816,345 32,189 37,304 719,697
Table 32. Home versus Work Trips in Number between Cities
Yingge Sansia Danshuei Sijihih Rueifang Tuc eng Lu hou Wugu Taishan Linkou Shenkenci Shihding Pinglin Sanjhih Shihmen Bali _Pingsi Shuangsi Gongliao Ainshan Wanli Wulai Gueishan
27,416 32,747 | 52,801 82,585 13,432 88,770 51,034 55,338 28,135 43,424 10,073 2,226 1,743 7,835 3,255 12,147 1,067 1,641 3,676 7,152 6,327 1,185 69,655
36 85 246 1,365 39 207 136 335 126 422 115 14 9 37 0 4 131 21 24 2 302
41 142 339 2,020 92 260 170 370 108 423 220 21 9 11 10 37 7 2 21 37 26 5 246
63 122 474 1,307 46 410 155 460 176 503 292 35 13 17 17 45 9 3 20 43 25 9 330
45 81 338 725 23 211 274 464 166 406 68 15 9 19 5 53 2 4 8 15 7 4 230
32 89 262 463 17 373 108 301 139 260 86 19 3 6 7 30 1 4 8 15 9 6 159
22 49 209 274 27 133 344 440 85 268 29 3 7 12 5 42 2 0 3 4 2 5 107
50 145 251 448 32 580 192 545 163 367 74 5 6 8 1 44 3 2 6 12 7 3 177
41 207 355 1,106 48 509 165 369 162 369 1,119 96 161 10 21 46 24 4 27 56 13 26 253
20 58 151 2936 63 125 89 253 51 240 86 11 4 9 3 17 3 1 5 16 6 0 91
36 79 436 5,082 85 271 269 626 514 163 24 9 80 3 4 141 54 127 2 313
49 101 1,042 880 27 333 990 1,1651 30 62 85 0 6 6 37 15 1 99892 30
50 80 2,258 707 29 238 613 1,058 262 638 60 18 7 145 45 526 2 6 14 70 11 4 336
348 1,057 579 811 48 7,275 544 2,820 773 1,836 121 24 13 22 20 142 7 15 28 25 9 10 1,376
78 167 617 648 35 513 3,943 5,300 779 1,223 83 27 5j 42 8 340 2 9 10 22 10 4 620
139 463 424 895 45 3,770 266 1,120 312 862 253 46 14 19 14 65 7 8 20 32 28 17 545
66 208 319 752 24 1,059 174 492 141 424 188 26 10 20 7 36 9 11 17 27 17 17 336
178 316 505 447 31 1,235 967 5,596 3,36 2,942 46 14 1 13 10 146 6 4 9 22 10 3 2365
106 386 285 1,135 38 1,013 130 486 162 429 508 82 6 9 5 43 12 5 20 18 10 151 423
325 585 142 202 18 2,047 124 872 31 3 5 7 1 41 2 6487 8,
21,147 1.042 44 85 9 360 30 97 41 368 11 2 2 2 0 16 0 1 1 0 0 1_217_1
1,051 24,210 56 98 7 3332 44 139 56 206 21 2 13 1 0 21 1 12 3
12 381 37,13 216 13 109 371 792 133 300 26 0 3 312 251 399 0 1 5 410 2
32 52 163 45,096 190 235 122 388 97 291 193 19 8 9 9 31 13 13 28 1 5 44
14 29 59 10,020 95 46 73 30 110 11 2 3 2 0 15 16
213 1,087 165 350 16 62,661 177 789 42 867 60 17 7 14 6 50 5 5 8 15 2 2 525
30 72 426 260 29 19 5 2 4,8 481 652 22 6 11 43 6 429 1 3 6 49 4 5 278
16 19 232 92 15 99 953 20,276 1,005 875 10 2 0 17 5 272 0 11 19 4 1 276
28 40 153 99 9 156 192 1,986 16,467 1,420 7 5 2 55 0 4 0 4 3 0 791
20 17 63 75 6 51 103 379 293 14630 6 5 1, 5810_ 2
5 20 28 136 6 48 23 53 19 34 5336 135 5 1 1 2 21 0 4 3 1 1 40
5 4 9 54 10 19 16 18 1 9 1420 4 1 0 4 4 0 0 1 2 0 2
4 13 4 41 5 17 18 15 7 10 3 1,442 0 0 1 3 0 3 0 0 0 2
2 4 149 22 6 13 70 88 19 40 0 2 1 6,567 146 62 0 0 2 27 4 0 20
0 7 661 25 7 10 27 46 16 23 0 0 1 202 2,278 17 0 0 2 95 12 0 6
4 30 267 53 4 15 333 460 51 360 2 2 1 17 4 6,412 0 0 1 3 2 801
6 6 8 62 39 44 21 17 6 12. 12 1 2 0 1 858 1 0 1 0 0 6
7 15 9 110 126 44 43 43 25 23 3 3 0 2 7 1 1409 70 3 1 0 16
4 10 16 59 68 66 51 26 25 33 5 0 1 6 3 21 014 5 0 0 25
4 11 155 73 16 37 28 40 16 31 2 0 1 51 170 11 0
3 4 45 131 15 32 11 28 14 18 4 2 12 31 4 0 2, 1 2 48_1
4 6 2 8 0 8 0 4 8 0 3 0 0 1 0 0 0 1 1 866
2651 67 72 91 11 1641 471 336, 336 3.4 __ 81 __ 1, 4 25 1 11 31__3__1 1_407
197
814,996Total 1,481,6351| 1,409,659
Table 33. Home versus Work Trips in Percentage between Districts
Work Songshan Sinyyi Da-an Jhongshar hongjen Datong Wanhua Wunshan Nangang Neihu Shihfin Beitou Banciao Sanchong Jhonghe Yonghe Sinjhuang Sindian Sfulin
Home Total 182,113 123,297 207,189 214,402 152,475 79,706 83,997 82,866 55,881 99,296 118,291 82,122 183,010 158,023 143,808 55,252 155,534 105,349 74,674
t4 LE.l Songshan 94,056 61.1% 3.2% 4.9% 6.8% 3.2% 1.1% 0.5% 0.5% 1.3% 2.0% 1.0% 0.5% 0.6% 0.9% 0.5% 0.3% 0.6% 0.7% 0.1%f Sinyyi 110,337 7.3% 52.5% - 5.4% 4.1% 0.9% 0.5% 0.8% 2.3% 2.1% 0.9% 0.4% 0.8% 0.8% 0.8% 0.4% 0.6% 1.0% 0.2%Da-an 139,634 4.2% 2.7% 64.4% 4.5% 4.9% 0.7% 0.6% 0.9% 0.7% 0.9% 0.7% 0.4% 0.9% 0.7% 0.9% 0.5% 0.7% 1.2% 0.1%L$LLIC.-. hongshan 102,696 4.0% 1.4% 3.0% 69.9% 2.7% 1.3% 0.5% 0.4% 0.5% 1.5% 1.6% 0.5% 0.8% 1.3% 0.6% 0.3% 0.8% 0.6% 0.2%LTIEE .hongjhenj 71,202 3.5% 2.5% . 5.3% 57.9% 1.3% 2.2% 1.1% 0.6% 1.2% 1.1% 0.6% 1.5% 1.2% 1.6% 1.0% 0.9% 1.4% 0.2%
* E Datong 57,134 2.3% 1.2% 1.9% V6 2.2% 68.9% 0.7% 0.3% 0.4% 1.0% 1.8% 0.7% 0.8% 2.8% 0.6% 0.3% 1.1% 0.4% 0.2%M4E Wanhua 89,465 3.1% 2.0% 3.7% 4.3%. 5.2%' 1.4% 59.1% 0.7% 0.5% 0.8% 1.0% 0.4% 2.7% 1.6% 2.7% 0.7% 1.1% 1.0% 0.4%Wunshan 118,832 4.4% 3.0% 7.6% 4.6% 5.7% 0.8% 0.7% 50.1% 0.7% 1.0% 0.8% 0.4% 0.9% 0.7% 1.4% 0.7% 0.6% 6.3% 0.2%
- Nangang 52,511 7.6% 5.4% 4.1% 3.8% 2.7% 0.7% 0.5% 0.6% 53.0% 3.9% 0.8% 0.4% 0.7% 0.7% 0.6% 0.2% 0.5% 0.7% 02%[AJME Neihu 121,469 3.4% 4.3% 7.6% 3.3% 1.2% 0.5% 0.5% 2.8% 49.4% 1.9% 0.7% 0.6% 1.0% 0.5% 0.2% 0.7% 0.6% 0.2%1
±tl9 Shihlin 133,512 3.7% 1.6% 3.2% 3.2% 2.7% 0.7% 0.4% 0.5% 1.8% 57.4% 2.5% 0.7% 1.8% 0.5% 0.2% 1.0% 0.5% 0.2%JLfQ. Beitou 113,534 3.3% 1.8% 2.9% -% 3.3% 2.2% 0.7% 0.4% 0.6% 1.6% 6.9% 53.% 0.7% 1.5% 0.5% 0.2% 0.9% 0.5% 0.2%fftT Banciao 240,556 2.7% 1.5% 2.8% 36% 3.6% 1.2% 2.4% 0.6% 0.4% 0.7% 0.7% 0.3% 54.2% 1.7% -3.9%/ 0.6% 3.1% 0.8% 2.9%E2li Sanchong 182,303 3.0% 1.5% 2.5% 5.5% 3.0% 2.6% 1.3% 0.4% 0.4% 0.8% 1.6% 0.6% 1.1% 591% 0.6% 0.2% 3.0% 0.4% 0.5%rIfo Jhonghe 193,694 3.8% 2.4% 5.0% 4.6% . 1.2% 2.0% 1.1% 0.5% 0.8% 0.8% 0.4% 4.0% 1.0% 49.5% 2.7% 1.1% 3.4% 0.6%73401 Yonghe 108,494 5.3% 3.7% 8.9% 7.0% - 1.7% 1.7% 1.4% 0.8% 1.2% 1.1% 0.6% 2.1% 1.0% 5.6% 34.3% 0.9% 2.8% 0.4%Fr1i Sinjhuang 178,716 1.8% 1.1% 1.8% 2.7% 2.2% 1.1% 0.9% 0.4% 0.3% 0.6% 0.7% 0.3% 2.3%, 44 1.0% 0.3% 60.2% 0.4% 3.1%
.frg1 Sindian 138,497 4.7% 2.9% 6B 5.1% 5.8% 1.0% 1.0% 3.8% 0.7% 1.1% 0.9% 0.5% 1.2% 0.6% 3.1% 1.2% 0.7% 49.7% 0.3%4 123 Shulin 71,872 1.6% 0.8% 1.3% 1.7% 1.7% 0.6% 0.6% 0.2% 0.3% 0.4% 0.4% 0.2% 3.9% 1.4% 1.2% 0.3% .5% 0.5% 63.2%
tRt Yingge 37,597 1.1% 0.5% 0.7% 1.0% 0.9% 0.3% 0.2% 0.2% 0.2% 0.3% 0.4% 0.1% 1.3% 0.4% 0.7% 0.1% 0.8% 0.4% 2.3%E 4141 Sansia 38,231 1.0% 0.7% 1.0% 1.2% 1.2% 0.4% 0.6% 0.3% 0.1% 0.3% 0.3% 0.1% 3.1% 0.7% 1.4% 0.4% 1.1% 0.9% 4.6%J7KM Danshuei 63,102 2.6% 1.3% 2.4% 5.3% 2.6% 1.6% 0.5% 0.3% 0.4% 1.2% 4.4% 5"3% 0.5% 1.4% 0.4% 0.2% 0.7% 0.4% 0.2%5IV.L12i SUhih 95,073 9.7% 4.3% 4.9% 5.2% 2.5% 1.0% 0.5% 0.6% 5.4% 5.9% 1.0% 0.5% 0.5% 0.7% 0.5% 0.2% 0.5% 0.7% 0.2%
TW53P Rueifang 18,866 4.5% 1.4% 1.4% 1.7% 1.4% 0.6% 0.5% 0.5% 1.3% 1.6% 0.6% 0.3% 1.4% 1.0% 0.6% 0.2% 1.0% 0.5% 0.5%
i Tucheng 113,964 1.8% 1.2% 1.8% 2.3% 2.4% 0.7% 1.3%. 0.5% 0.3% 0.5% 0.5% 0.2% --. 1.0% 6.5% 1.0% 1.9% 1.2% 2.8%
~J)MT Lujhou 77,205 2.8% 1.3% 2.0% 4.9% 2.2% 2.3% 1.0% 0.3% 0.4% 0.9% 3.2% 1.1% 1.0% 9.6%1 0.5% 0.2% 3.0% 0.3% 0.4%
E4i-1 Wugu 34,894 1.7% 1.0% 1.6% 2.9% 1.7% 1.3% 0.8% 0.3% 0.4% 0.8% 1.3% 0.9% 1.0%  5.5% 0.4% 0.2% 3.9% 0.4% 0.7%
VUff Taishan 32,695 1.9% 1.0% 1.4% 2.3% 1.8% 0.9% 0.7% 0.3% 0.3% 0.6% 1.1% 0.6% 1.4% 3.1% 06% 0.2% 9.8% 0.3% 1.7%
#L0% Linkou 24,843 2.5% 1.1% 2.0% 2.7% 1.8% 0.9% 0.5% 0.2% 0.3% 0.5% 0.9% 0.4% 0.9% 1.4% 0.5% 0.2% 2.5% 0.3% 0.6%
gimI Shenkeng 11,252 4.1% 3.5% 6.8% 4.8% 3.0% 1.0% 0.7% :,7.3%1 1.1% 1.3% 0.6% 0.3% 0.7% 0.7% 1.2% 0.3% 0.6% 5.1% 0.2%
;Eief4fl Shihding 3,125 1.9% 1.5% 3.0% 2.2% 1.7% 0.5% 0.7% 6.1% 1.3% 1.1% 1.1% 0.4% 1.5% 2.0% 1.8% 0.9% 0.8% 6.2% 0.3%
f-f Pinglin 2,486 3.3% 1.9% 1.4% 0.6% 0.8% 0.4% 0.4% 3.1% 1.0% 0.8% 0.7% 0.4% 3.0% 1.4% 2.9% 0.8% 1.4% ,A4% 0.5%3H2t Sanjhih 11,406 1.3% 0.6% 1.1% 1.8% 0.9% 0.7% 0.2% 0.2% 0.2% 0.5% 1 .7% 2.7% 0.6% 1.3% 0.4% 0.2% 0.8% 0.2% 0.2%
-m Shihmen 4,479 1.0% 0.7% 0.8% 1.3% 0.8% 0.5% 0.1% 0.3% 0.3% 0.9% 2.2% 2.9% 0.9% 2.0% 0.6% 0.3% 1.8% 0.4% 0.3%
AE-- Bali 14,859 2.1% 0.9% 1.5% 3.3% 1.5% 1.2% 0.5% 0.3% 0.3% 0.9% 3.5% 53% -0.7% 3.5% 0.3% 0.2% 1.3% 0.4% 0.3%
_E_____ Pingsi 2,133 4.5% 1.7% 1.2% 1.2% 0.9% 0.8% 0.6% 3.2% 1.7% 1.6% 0.4% 0.1% 4.5% 2.4% 2.6% 0.8% 3.1% 2.3% 1.5%
______ Shuangsi 3,555 4.8% 0.8% 0.8% 1.6% 1.7% 1.1% 0.6% 0.4% 1.4% 1.2% 0.7% 0.4% 5.2% 3.4% 1.8% 0.8% 3.7% 0.6% 1.7%W_ Gongliao 5,324 2,5% 0,7% 1.0% 1.9% 1.0% 0.7% 0.5% 0.3% 0.6% 0.7% 0.9% 0.4% 5.1% 3.1% 1.8% 0.5% 3.0% 0.9% 1.3%GIJIW Jinshan 8,848 2.0% 0.6% 1.5% 1.5% 1.0% 0.7% 0.4% 0.4% 0.4% 1.0% 1.2% 0.8% 1.3% 1.2% 0.6% 0.4% 1.1% 0.4% 0.3%MIN Wanli 7,621 32% 1.5% 1.1% 1.1% 0.7% 0.3% 0.1% 0.3% 0.6% 0.9% 0.7% 0.4% 1.4% 0.8% 0.6% 0.2% 0.7% 0.3% 0.4%
_____ Wulai 1,507 0.9% 1.9% 1.6% 1.9% 1.4% 0.5% 0.5% 2.5% 0.5% 0.3% 0.1% 0.3% 1.5% 1.0% 1.3% 0.4% 0.2% 17 0 E% 0.3%
_____ Gueishan 61,174 0.8% 0.4% 0.5% 0.8% 0.6% 0.3% 0.2% 0.1% 0.1% 0.2% 0.3% 0.1% 0.6% 0.6% 0.3% 0.1% 2.2% 0. 2% 1.9%
198
Total 1 1,481,6351 1,409,659 814,996
68.71% 8.61% 3.21%
26.79% 87.05% 6.98%
2.17% 2.65% 88.31%
Total
1,204,382 84.52% 10.08% 2.17%
1,727,197 22.98% 71.05% 329%
816,345 3.94% 4.57% 88.16%
Table 34. Commute from Cities Table 35. Commute to Cities
Yingge Sansia Danshuel' Sijhih "Ruelfang Tucheng Lujhou Wugu Taishan Linkou Shenkeng Shihding Pinglin Sanjhi Shilimen Bal Pingsi Shuangsi Gongliao Jinshan \AWanlY Wulai Guelshan
27,416 32,747 52,801 82,585 13,432 88,770 51,034 55,338 28,135 43,424 10,073 2,226 1,743 7,835 3,255 12,147 1,067 1,641 3,676 7,152 6,327 1,185 69,655
0.0% 0.1%, 03%j 1.5%, 0.0% 0.2% 0.1% 0.4%: 01% 04% 0.1% 0.0% 0.0% 0.0% 0% 00% 0.0% 0.0% 00% 0.0% 00% 0.0% 0.3%
0.0% 0.1% 0.3% 1.8%| 0.1% 0.2% 0.2% 03% 0.1% 0.4% 0.2%: 0.0% 00% 0.0% 0.0% 0.0% 00% 0.0% 0.0%i 0.0%! 00W 00% 0.2%
0.0% 01% 0.3% 0.9% 0.0% 0.3% 0.1% 0.3% 0.1%1 0.4% 0.2% 0.0% 0.0% 0.0% 00% 0.0% 00% 00% 00% 00% 0.0% 0.0% 0.2%
0.0% 0.1% 0.3% 0. % 0,0% 0.2% 0.3% 0.5% 0.2% 04% 0.1% 0.0% 0.0% 00% 0% 01% 00% 00% 0.0% 00% 0.0% 00% 02%
00% 0.1% 0.4% 0.7% 00% 05% 02% 04% 02% 0.4% 01% 0.0% 00% 00% 00% 0.0% 00 000% 0.0% 0.0% 00% 00% 02%
0.0% 01% 0.4% 0.5% 0.0% 02% 0.6% 0.8% 0% 05% 0.1% 00% 00% 0.0% 00% O1% % 00%1 / 000%, 0.0% 0.0% 0.0% 0.2%
01% 02% 03% 05% 00 % 06% 0.0% 0.0% 0.0%
00% 02% 0.3% 0.9% 0.0% 04% 0.2% 0.6%t 0.1%' 03% 0.9% 0.1 0.0% 1 0.0 0.0% 0% 00, 0. 0.2%
00% 01% 03% 5.% 01% 02% 0.0% 0.0% 0% 0.0% 0% 00%
0.0% 01% 0.4% 42% 01% 0.2% 01% 0 % 0. 0.0% 0.0% 0.0 0.0% 03%
00% 01% 008%% 0.7% 0% 0
0.0% 0.1% 20% % 0 00% 0.2% 05% 09% 0.2 0.6% 0.1% 0.0% 00% 0.1% 0 .0%I 5 000/ 0
01% 0.4% 0.2% 0.3% 0.0% 3.0% 02 1.% 03 08% 0% 0% 0% 0.% 00j0% 00% 0% 0% 00 00 00% 06
0.0% 0.1%1 0.3% 0.4% 0.0% 0.3% 22% 2.9% 0.4% 0.7% 0.0 0.0% 0.0% 0.0% 0.0% 0.2% 0.0 00 00% 0.0% 0.0% 0.0W 0,3W
01% 02% 02% 05% 00_% 19%0 .0.0% 3
01% 02%1 03%, 0.7% 0.0% 10%j 0.7%j 05% 01 0.4% 02% 00% 0.0% 00% 0.0% 0% % .
0.1% 0.2% 0.3% 0.3% 000%i 07%0.0% 00% 0.0% 0.
W 3  202%1 86% .0% 072%1 05' 091 02 0.% 0M 000,0W .3j0.1%-, 0.3%1 0.2%1 0.8%, 0.0% 307% 1% 0. 4% 01%% 0.3% 0 4% 0.1% 0.01% %00 0.0%j 0.0% 00%, 0.0%, OW 0.0% 0, 0.0% 0.0%, 0.1%, -0.3-%
0.5% 0.8% 0.2% 0.3% 00% 2.8% 0 9% 0.% 1.2% 00% 0.0%, 00% 0.0% 0.0% 0.1% 00%' 00%1 00% 00%, 0.0% 0.0% 1.7%
56.2% 2.8% 01% 0.2% 0.0% 1 0%0.0%, 00% 0 00% 0.0% 0.0% 
2.7% 63.3% 0 1% 0.3% 0.0% 0.%05%.% 0% 0% 00 .% 0% 00T 00 0~00 .% 0% 08
0.0% 0.1% 59.4% 03% 0.0% 0 2% 0.6% 0.6% 0.0%I 0.4% 0.0% 0
0.0% 0.1% 0.2% 47.4% 0. 0 002% 0 4% 0106 0.3% 0.2% 0.0% 00% 0.0% 0.0% 0.0%, 0.0% 0. 0.0%~ 0 0 0.0% 0.2%
01% 0. 2% 03%1 53.1% 0. 0.2%
0.2% 1.0% 0 1% 0.3% 0.0% 55.0% 0.2% 0.7% 106%, 0.0% 0.0 .0%
00% 0.1% 0.6% 0.3% 0.0% 0. 40. 0.0% 01% 0-0%1 0.6% 0.0% 0.0% 0.0%i 0 0.0 0.4%
0.0% 01% 07% 03% 00% 0.3% 2.7% 0 .1% 201 2.5% 0.0% 0.0% 0.0% 0,0/ 0 8% 0.0% O.OW 0.0% 0.0% 0.0% 0.0% 0.8%
0.1% 0.8% 0.5% 0.3% 0.0% 05%j 0.6% 601% 0.4% 4.3% 0.0% 0.0% 0.0% 0.0% 0.0% 02% 0.0% 0 0% 0.0%1 0.0% 0.0/ 0.0% .4%
0.1%, 0.1% 0.3%00 03% 000%0 02%0 00% 0. % 0.0% 0.0%' 0.0% 0.0% 0.0% 0.0%
00% 0.2% 02% 12% 0.1% .0% 0.0% 0 0.0% 0.0% 0.4
0.2%, 01% 03% 17% 0 3% 0 6%1% 0.06%_0 3 % 0.1% 0.0% 0.0% 0.1 0.1 0.0%
0.2% 0.5% 0.2% 1.6% 0.2% 0.7%1 0.7% 0.6% 0.2% 0.3% 0.4% 066%' 50.0% 0.0% 0.0% 0.0% 0.1 0.0% 0.1% 0.0% 0.0% 00% 0.1%
0.0% 0. 0 % 48.% 0.2% 0.1% 0. 1% 
0
.4% 0.2% 0.4% 0.0% 00% 0.0% 1.3% 0.5% 0. 0.0% 0.0%, 0.2% 0.0% .0% 0.2%
030% 0.2 0.20.0% 0. 0.0% 4.5% 509 0 0.% 0% 05%1 21% 
0 3 1L 0.0% - ! 0.1%
00% 0.2% 1% 0. 0 0.% 0% 0
0.0% 10%, 10.8% 0.4%1 0.0% 010%, 2.2% 0.% 0.3% 2.4%: 0.0%: 00%! 0.0% 0.0/ 0.0% 0.6%1 0.0% 0.0%1 0.0 i _________.0 1 .5
0.3% 0.3% 0.4% 0.3%. 1.8% 21% 1.0% 0.8% 0.6%1 0.6% 0.6% 0.0% 0.1% 0.0% 0. 4 20% 0.0%9 0% _ 0.0% 0.
0.2% 0.4% 0.3% 3 .5 1.2% 2.7% 1 2% 07% 0.6% 0.1% 0.1% 01% 00% 0.0% 0.1% 0.00/ 0.0% 0.5%
0.1% 0.2% 03%, 1.1% 1.3%. 1.2% 0.6% 61%, 0.4% 0.6% 0.1% 0.0% 011% 0.0%_2 0.0% 0.1 0,1% 0.4% 56./% 0.1% 0.00/0 0.0%% 1.5%
0. 0% 0.1% 1.8% 0 2/, 0.40%0 0.3 0.0% 0.08% 0.0% 6.7% 0.0%1 1%
0.0% 0.1% 0.6% 1.7% 0.2%,, 0.4% 0.1% 0.4% 0 02 01% 0.0%, 0.0%, 0.% 0.4% 0/ 0.0 0 0.0 2 65 0% 0
0.3% 0.4% 0.1% 0.5% 0.5% 6.2% .3% 0 .3 0.5% 00%, 0.2% 0.0%5 0%0% 0. 0 00% 0.0%
1   %0 
0 %0% 
0.0% .%
02% 05% 01% ~i 0/ ..
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6.1.13 Urban Interface
Although the streets and roads have different widths, the things
that affect the urban environment the most are the interfaces be-
tween streets and urban space are the sidewalks and arcades.
These two elements are the only two parts of streets that resi-
dents will have to interact with while they are doing their daily
activities except driving, the other parts of the roads just designed
for cars to pass by. Based on different combination of arcades
and sidewalks, they are eight types of basic street interfaces in
Greater Taipei Area. From no arcade no sidewalk to arcade with
sidewalk greater than 3.5 meters wide, different sizes of side-
walks and arcades will have different possibilities for pedestrian
to use the space. The size of sidewalk is usually related to width
of streets and roads. Most of the streets that are less than 10 me-
ters wide usually do not have a sidewalk. Most of sidewalks start
from minimum 1 meter to 1.5 meters wide. Up to 1.5 meters to
3.5 meters, trees are allowed to plant on sidewalks and scooters
are allowed to park between tree rings. Greater than 3.5 meters,
scooter parking turns can be constructed. Most of commercial and
commercial mixed with residential streets have arcades, because
of the rainy climate in Taipei. Arcades will be the major passages
for pedestrian to walk by without getting wet. Sidewalks can be
added on the sides.
No Arcade With Arcade
No
Side-
walk
Side-
walk
1.5m
Side-
walk
1.5m~
3.5m
Side-
walk
>3.5m
Figure 244. Sidewalk and Arcade Figure 245. Different Types of Street Interface
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6.1.14 Streets in Greater Taipei Area
The ideal street section in Greater Taipei Area should look like the
diagram the first on the left. Each type of vehicles should have
its own lane and sidewalk is for pedestrian only. Because of the
scarcity of the available land and high population density in Taipei,
streets are typically multifunctional. The street section diagram
is the second on the left. Only inner lanes are for cars only, the
slow speed lanes are often both for cars and scooters. Some-
times street parking will also occupy some space from slow speed
lanes. The traffic conditions in these lanes are chaotic. Scooter
drivers not only have to watch out cars in the same lane, they also
have to avoid the unexpected door swings from the parking cars.
The car drivers also have to pay extra attention to scooter drivers
to avoid collusion. It is never easy to drive on Taipei streets. Ex-
cept highways and expressways, streets of Taipei can be divided
into two categories, one is main and secondary streets, and the
other is communal streets. Main and secondary streets are mostly
full of commercial activities and the major arteries in connecting
each part of the city. A lot of people go to these places to work and
transfer. The communal streets usually have only a little commer-
cial activity and the rest just all-residential areas. Because there
were too many cars and especially scooters parked on the main
and secondary streets and on the sidewalks which caused a lot
of messy views of urban environment, this city government tried
to ban parking in those areas, however, there are still a lot of de-
mand for parking spaces instead of parking in those areas. These
vehicles flooded into communal
streets. These streets should be
the major living space for local
residents, but now they become s
free parking lots. These com-
munal streets share 60% of the
total street area of Taipei city.
The ban actually made living
space worse.
Figure 251.
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Figure 253.
Communal Street Type 2:
6 meters wide street.
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Communal Street Type 3:
8 meters wide street.
Figure 257.
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Communal Street Type 4:
10 meters wide street.
Figure 258.
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Street without sidewalk.
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Main Street Type 3:
Street with 1.5-3.5 meters wide sidewalk.
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Figure 265.
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Main Street Type 4:
Street with sidewalk greater than 3.5 me-
ters in width.
1.5m I 2m
3.5m
Figure 267.
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Main Street Type 4:
Street with sidewalk greater than 3.5 me-
ters in width.
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Main Street Type 5:
Street with arcade without sidewalk.
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Main Street Type 6:
Street with arcade with 1.5 meters wide
sidewalk.
id Mixed Side Wixdlkn
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Figure 273.
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Main Street Type 7:
Street with arcade with 1.5~3.5 meters
wide sidewalk.
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Street with arcade with sidewalk greater
than 3.5 meters in width.
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6.2 The Distribution of Mobility-on-Demand System
in Greater Taipei Area
Everyone wants to have a very good car to drive, such as Porsche. The top speed of
Porsche 911 GT2 is 328 kilometers per hour. However, the average Taipei city traffic
speed is 27.2 kilometers in morning peak hours; 30.1 kilometers in morning off-peak
hours and 25.9 kilometers in afternoon peak hours." Why bother to buy a Porsche to
use in this kind of traffic? Although the top speed of MoD vehicles could not catch up with
ordinary gasoline vehicles, the MoD vehicles will accelerate faster and are more environ-
mental because they have a smaller footprint and they are fully electric. The MoD trans-
portation system will not replace the existing transportation systems; on the contrary, it
will supplement the current systems and make them work more efficiently. The existing
transportation network has different systems, and they are now fully integrated. Today,
it is often difficult to use one system and transfer to another one because the routes and
schedules don't work together very well. By introducing the MoD transportation system,
it not only solves the first mile and last mile problem but will also become the bridge and
lubricant of different transportation systems. The integration of different transportation
systems can make passengers' commute become more efficient and save more money
and time. Because of the high density of vehicles and congested traffic in Greater Taipei
Area, the MoD system will only introduce CityCar and Roboscooter as MoD vehicles in
the first stage. It will be dangerous to use bikes and Segways while the traffic speed is
very fast and there are currently few special lanes for these kinds of vehicles.
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Chart 2. Total Passngers of MRT in Each Year (10,000/year)
6.3 Backbone System:
MRT Stations
The Taipei Rapid Transit System, also
known as the MRT, Metropolitan Rapid
Transit, is a rapid transit system connect-
ing the Greater Taipei Area. After the MRT
first began operating in 1996, passengers
grew from 40,000 passengers per day to
1,239,761 passengers per day today. The
MRT is the second most popular public
transportation system in Greater Taipei
Area. There are eight routes, 69 stations
in service right now. The total routes length
28is 74.4 kilometers. There will be 135 sta-
tions and 154.1 kilometers routes length in
201429 The length of total routes will grow
up to 270 kilometers in the future planning
phase. Based on MRT's characteristics,
the growing number of passengers it car-
ries, the distribution throughout the city,
the size of stations, and landmarks which
stations became to the neighborhoods,
MRT Stations will be the perfect places to
become MoD stations. MRT will serve to
transport a large number of people to trav-
el from one place to another in distance,
while MoD will be responsible to take these
people from MRT stations to their desti-
nations. Therefore, MoD System is intro-
duced to solve the first mile and last mile
problems between the MRT Stations and
people's destinations. MRT stations will
become the backbone system of the MoD
System. MoD vehicles will be parked near
the entrances of MRT stations or parking
lots. People who use MoD vehicles from
their origins can simply drop off vehicles
in these places. Once passengers left the
MRT Stations, they can also pick up of any
available MoD vehicle near stations and
drive them to their destinations, since a lot
of times passengers' destinations are not
within walking distance. They can simply
use the same MRT easy-cards to rent and
activate MoD vehicles. When they arrive at
the destinations, they can follow the Ubiq-
uitous System to guide them to stations
near their destinations.
2003 2004 2005 2006
N
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Figure 282. MRT Routes Map
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Throughput Table of MRT in 2008
Table 36. Daily Passengers Numbers in Each Stations in May. 2008
Xindian Xindian Gonggua Taipower Gtig Menal Dingxi Yongan Ji Nanshijia Xiaonan NTUStation Xiaobitan City Hall Qizhang Dapinglin Jingmei Wanlong n Building Hall Market o men Hospital
In 1,871 8,903 9,000 12,484 15,710 13,968 6,839 26,710 14,129 25,839 21,484 25,323 17,806 16,387 16,387 4,161 21,871
Out 1,903 8,161 9,065 11,935 15,129 13,903 6,548 26,452 13,516 25,903 21,226 26,774 17,484 16,097 15,645 4,484 22,129
People Trips/ Day 1,887 8,532 9,032 12,210 15,419 13,935 6,694 26,581 13,823 25,871 21,355 26,048 17,645 16,242 16,016 4,323 22,000
Zhongsh Shuangli Minquan Yuansha FStation an an W. Rd. n Jiantan Shinlin Zhishan Mingde Shipal Qilian Qiyan Beitou Xinbeitou uxingga Zhongyi Guandu
In I 30,742 19,677 29,581 23,710 34,355 23,677 14,484 11,710 24,355 6,355 7,226 14,742 4,452 3,032 2,742 11,065
Out 31,903 21,258 29,613 23,161 33,935 23,968 14,613 11,097 25,419 5,839 5,387 16,161 4,097 3,032 2,677 11,677
People Trips/ Day 31,323 20,468 29,597 23,435 34,145 23,823 14,548 11,403 24,887 6,097 6,306 15,452 4,274 3,032 2,710 11,371
Zhongxia Sun Zhongsha
Station Zhuwei Hongshul Danshui Xinpu Jiangzicu Longsha Ximen Shandao 0  Zhongxia Zhongxia Yetsen Taipei Yongchu Houshan Kunyang n Juniorin i n Temple Temple Xinsheng o Fuxing o Dunhua Memorial City Hall n pi High
Hall Rhn
In 8,677 5,742 35,065 37,032 19,355 22,323 49,258 16,000 18,129 40,839 28,710 17,484 41,677 16,677 15,968 28,065 16,194
Out 8,774 5,968 34,290 36,258 19,226 21,581 49,516 17,290 19,129 40,484 31,903 18,935 42,419 16,419 15,710 28,226 14,968
People Trips/ Day 8,726 5,855 34,677 36,645 19,290 21,952 49,387 16,645 18,629 40,661 30,306 18,210 42,048 16,548 15,839 28,145 15,581
Nanjing Technolo Luzhang Wanfang Wanfang Taipei FarStation E. Rd. Daan gy Linguang Xinhai Hospital Communi Muzha zoo Banqiao Fuzhong Eastern Haishan Tucheng Yongnin
Building ty Hospital
In 17,387 11,581 10,710 8,645 19,355 2,516 10,903 1,903 3,806 7,452 18,548 22,613 11,742 14,355 5,000 11,129
Out 18,613 12,161 10,677 8,581 19,226 2,355 11,548 1,548 4,065 7,613 20,226 21,194 10,258 14,161 5,000 11,129
People Trips/ Day 18,000 11,871 10,694 8,613 19,290 2,435 11,226 1,726 3,935 7,532 19,387 21,903 11,000 14,258 5,000 11,129
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Universitys & Colleges
Junior Colleges
High Schools
Vocational High Schools
Junior High Schools
Elementary Schools
Taipei City
25
2
50
17
Taipei County
17
1
37
16
62 65
153 209
Table 37. Schools in Greater Taipei Area
6.4 Ubiquitous Sub-System 1:
School Stations
Because Taipei City and Taipei County are
mixed-use cities, there is no clear boundary
among residential, commercial and indus-
trial zones. Residential areas can be found
anywhere inside and outside the city lim-
its. Where there is a residential area, there
are schools near by it. Furthermore, edu-
cation for children from elementary school
to junior high school is compulsory in Tai-
wan. Except for a small number of special
and private schools, most of elementary
schools and junior high schools are com-
munity schools. They are usually within
walking distance for students who live in
nearby neighborhoods to attend. Most
parents in Taiwan don't drive their children
to schools like parents in United States
do; instead, most students travel to their
schools on feet or by bicycles. Elementary
schools and junior high schools are a ne-
cessity for every residential area. These
schools don't just play roles in education
systems, but can actually become com-
munity centers. For example, people go to
schools to vote in every election. Similarly,
many public lectures and local clubs take
place in schools. Nearby residents always
use schools like their own back yards to
do exercise and sports. Schools even be-
come shelters for nearby citizens when un-
expected disasters taking place. Schools
are very important to every neighborhood
and they are ubiquitous throughout Great-
er Taipei Area. From university to elemen-
tary school, there are 309 schools in Taipei
City and 345 schools in Taipei County, and
a total of 654 schools in the Greater Taipei
30Area. 489 of them are elementary schools
or junior high schools, nearly 75% of total
schools. Since schools are ubiquitous and
have their own campuses, the MoD Sys-
tem can take the advantage of their dis-
tribution, density, available space and the
role it plays and turn it into Ubiquitous Sys-
tem Station for MoD System. People could
pick up their desired vehicles from School
Stations. Because schools are always
within the walking distance for residents in
the same neighborhood, people will have
no problem to go to nearby schools either
from home or work place in a short time.
Parents could even walk their children to
schools and pick up vehicles to go to work
from School Stations. If users go to an un-
familiar area, they would have no problem
to find a School Station to pick up a vehicle
or to find a drop off parking space either
by asking people or using on-board GPS.
There are four different types of parking
possibilities for School Station parking.
They are parking near the school's perim-
eter, parking inside certain areas of school,
parking everywhere inside school, and
parking under school. They can accommo-
date both CityCar and Roboscooter park-
ing.
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There are 654 schools
in Greater Taipei Area
and approximately at
least 582 schools are
29
shown on this map.
Most of schools are
within urbanized area
and still some are
outside urban area.
Within the urbanized
area, schools are
distributed evenly ev-
erywhere and ubiq-
1, 1uitous. Where there
are people, there are
schools.
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6.5 Ubiquitous Sub-System 2:
Convenience Store Stations
Taiwan has the highest density of con-
venience stores per person in the world.
32There are 9,029 convenience stores in
Taiwan, serving 23 million population in an
area of 35,801 m2, an average of 2,700 po-
tential customers per one store and every
3.97 km2 serving area per one store. 80%
of urban household shoppers in Taiwan go
to a convenience store every week.
The top four franchises convenience stores
brands own 94.1 % of the total convenience
stores in Taiwan. They are 7-11, 48.57%;
Family Mart 22.28%; Hi-Life, 13.96% and
OK, 9.29%. Just 7-11 alone has 6 million
customer visits per day, and nearly one
out of four people in Taiwan shops in 7-11
everyday. Japan has 12,013 7-11 conve-
nience stores, ranked 1st in the world; USA
is in 2nd place, has 5,863 stores; Taiwan
ranked 3rd, has 4,807 stores34 However, if
you compare the size of Taiwan with Ja-
pan and USA, Japan is 11 times and USA
is 275 times bigger than Taiwan, Taiwan is
2/5 of Japan's store number and only 1,056
stores less than total number of stores
which the USA has.
Convenience stores in Taiwan not only sell
food, beverages, snacks, newspapers,
and books, but also provide all kinds of
service, such as movie and concert tickets,
delivery service, on-line shopping pick up
and payment service, ATM, Taxi, fax, print-
ing, scanning, photo printing, video rental
pick up, insurance, recycling, donation,
etc. Furthermore, customers can even
pay their bills such as cell phone, internet,
credit card, utility, parking fee, traffic viola-
tion fine in these convenience stores. Con-
venience stores in Taiwan actually function
like a community center. People go there
to meet friends, find solutions, and feed
their needs. Because all the convenience
stores operate 24-7, people always feel
secure mentally and physically that there
is a place they can go anytime they choose
to have anything they like.
Based on the wide distribution and density
that convenience stores have, they can be
a perfect place to become the Ubiquitous
System for MoD System. People can go
there not only buy all sorts of things and pay
all kinds of bills, but also fulfill their need
for mobility. Because the top four brands
have 94.1% share of the total convenience
stores. It would be relatively easier to nego-
tiate with just four franchises about imple-
menting the MoD network. There are sev-
en different general types of convenience
stores in Taiwan. Each of them will have
different parking strategies for CityCar and
Roboscooter. These vehicles don't always
need to park in front of stores, they can be
parked near them. Convenience store can
just provide a locating point for user to lo-
cate the station.
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tion Diagram in
Greater
Taipei Area
There are approxi-
mately at least 1,579
convenience stores in
Greater Taipei Area.
Most of convenience
stores are within ur-
banized area and es-
pecially in central part
of Taipei City. Within
urbanized area, con-
venience stores are
distributed evenly ev-
erywhere and ubiq-
uitous. Where there
are people, there are
convenience stores.
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6.6 Ubiquitous Sub-System 3:
Bus Stop Stations
Public buses are always very important
to public transportation in Greater Taipei
Area. Since operating, public buses are
the major commute method to Taipei citi-
zens, even after MRT operating. There are
more passengers using public buses to
commute than using MRT. Public buses
have an average of 1,687,960 passengers
per day, while the MRT only has 1,239,761
passengers per day.
There are 11 companies, running 287
routes, 3,877 buses per day. Bus stops are
everywhere throughout the Greater Taipei
Area. Almost everywhere can be reached
by bus. Sometimes people don't have to
transfer to another route to their destina-
tions, because every route tries to cover
as many stops as possible. This makes the
bus routes in Greater Taipei Area extreme-
ly complicated and even difficult to under-
stand for some local residents. There are
only a few routes that always stay on the
same main roads and people can trans-
fer to their destination by taking another
Chart 3. Total Passengers of Public Bus in Each Year (10,000/year)
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these types of buses, known as a chess-
board route. Based on the wide coverage,
density and passenger trips per day, which
bus stops have, they can be the perfect
Ubiquitous System for MoD System. MoD
System can also solve complex routes
problem by giving passengers an extra
mobility to link with MRT Stations or other
bus stops, all they have to do is to pick up
a vehicle and drive it to their transfer sta-
tion or destination. There are two types of
bus stops in Great Taipei Area: one is with
bus route sign standing on the sidewalk, urW
and the other is bus kiosk usually near the
designated bus line.
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6.7 Ubiquitous Systems
When School Stations, Convenience Store
Stations and Bus Stop Stations all work to-
gether, they become the Ubiquitous Sys-
tem. There are a total at least 6,422 points
that could possibly form the backbone for
a Ubiquitous System Stations throughout
the Greater Taipei Area, mainly in urban-
ized areas. Each Ubiquitous Sub-system
is distributed evenly and covers near ev-
ery corner of urbanized area. Although the
density of potential Ubiquitous System is
very high, each sub-system is not over-
lay with each other. Nearly every square
kilometer in urbanized Greater Taipei Area
has more than one school and dozens of
convenience stores and bus stops. These
Ubiquitous Stations can provide pick up
and drop off spaces for MoD vehicles. Us-
ers can always pick up and drop off any
MoD vehicles near their origins or destina-
tions in no time. By synergy, all sub-sys-
tems can work as one and become a ubiq-
uitous transportation network for Greater
Taipei Area.
After users leave MRT Station, Backbone
System, and take MoD vehicles to their de-
sire destination, they will need stations to
drop off their vehicles if there are no MRT
Stations nearby and vice versa. Ubiquitous
System Stations will be the stations which
solve the first mile and last mile problems
for MoD users. Therefore, the distance and
time from users' origins and destination to
the nearest Ubiquitous System Stations
are very important and will affect users'
decisions whether they want to use the
MoD System or not. Accessibility to Ubiq-
uitous System Stations can be measured
by the distance between these stations to
any point of urbanized area in Greater Tai-
pei Area, since most of the commute will
take place in this area. The accessibility to
Ubiquitous System Stations can be shown
on the diagrams of walking distance and
time consumption from these stations.
The diagram on left page shows the loca-
tion of Ubiquitous System Stations. The
following diagrams in the next four pages
show how much time it takes and how far
it gets from stations. An average person in
normal walking speed can walk 80 meters
in one minute.
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1 Minutes Walking Distance/
80 Meters
Minutes Walking Dis-
tancg/*160 Meters
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5 Minutes Walking Distance
from School Stations/ 400 Meters
5 Minutes Walking Distance
from Convenience Store Stations/ 400 Meters
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Synergy of Ubiquitous Sub-Systems
In just one minute of walking and 80 meters in distance from all
the Ubiquitous System Stations, it could cover roughly 45% of the
total urbanized area in Greater Taipei. Two minutes walking could
cover 60%; Three minutes for 75%; Four minutes for 85% and
five minutes walking from stations can cover up to 95% of the
urbanized area in Greater Taipei. It suggests that users of MoD
System could find a MoD Station anywhere in urbanized Greater
Taipei Area in less than 300 seconds. People could pick up MoD
vehicles from stations which near their origins in less than 300
seconds, 400 meters walking distance. People could drop off MoD
vehicles to stations near their destinations and arrive at their des-
tination in less than 300 seconds, 400 meters walking distance.
The three diagrams on the left hand side show five minutes walk-
ing distance from each sub-system. Each sub-system could not
cover 95% of the urbanized area in Greater Taipei just on its own,
they have to work together as one to achieve it.
5 Minutes Walking Distance
from Bus Stops Stationsl 400 Meters
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Ubiquitous Sys-
tem Stations Dis-
tribution Diagram
in Greater Taipei
Area
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